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FFiR

FER g B D 1 DT 512 MEPAZENEAFE A (chronic obstructive pulmonary disease,
COPD) 1%, #RICEB T B EIRK O 3N TH 5 2 & AR (World Health
Organization, WHO) |2 XV #i& ST\ 5 (WHO, 2014), 7=, HARIZHIF 5 COPD
OIECNANLIL 10 fLTH YV AEHEBICENR D E I TWD (BAEFEE A DB
2014), Z® X 91z, COPD ISR D EALITALE LTV D2 H b & 3 RS kI
INTHRWeH, REIOBNALETHDL LEZHND, BIfE, COPD ORFHRIE
LTI 1 PR EEICED =R F—HEOHRIC K 2EERDZH L2 AR
&Ll tolamrof—mifa, 2. RIEZPI< T L2 BRYL L n-3 REAAEFIE
FRABEL, 7R ENFTOENTOVDEINERRTET VARRVOREIRTH 2,

COPD %, # /\aflile EOF BRI A DEW WA X > THE T TMMioR
JiE SO D < EATHED KRR AZE A 2T 2R E T, REMORIELZFEE L TWD, X
TEBAZEIC X0 G5 VEVEREIL R 8 & 5% 57 A4 U B IRIEEME MK T35 2 & 4% COPD &
HORED 1 2L 75T % (Antoniu et al. 2016; Paddison et al. 2013; Wu et al.
2014), K[FPAZEIC L 0 HEBMEBFIREICAR D & FRORETOZ 72 53, Mikom
FREDIERTNGI &L 720 M, OIE. BH5. BlE, TR Sk~ g Toxx
X —RBOER, TRMEKFTA, REMRIEOFH R ENELD Z N> TND
(Woolcott et al. 2015; Eltzschig and Carmeliet 2011), Z U5 OIXERFE % 5 A4
BT, ARBERINE L XN TV D,

ARFFETIE, COPD Z (L U & 2 MU R RS O 7 BT, (R FRIRAEIC K
DT NF =R OBARCIIEFHENB G L T D FREMN S 5 & B 2 REERIEE D
FCHRHTHEERBOL & RIERIGIZHER Lz, SHIZ, —BRICHEICRWEE X
BV, RS TR R S ST D 27 = U RIS B IR FRIC A 2h e R R Ay & 7R
DIGBDERFIT B0, 51 E T, 7 = VOB G ABEEAM O RAEIT K
L CRIETHEE  ~ T AOFHKM & E A 7B s 7RO MR IZ T 5 2
L7z, H2F T, FH1EOBRESE X, KBEEREZE LT v MIHT 57 =
BHOFHEICONT, FEERFHCESZ H T TEE RISV TRIELTZ, # 3
BT, T v MO D IREREREE b 7 = VR G OB E R L~V TRE LT,

7 TR LY COPD [ ORI S X, BFIRIELZHLT 5720



DI AEH/DH Z LN TE, RBEZOLDO~DT T —F TERNBDOD, BED
H & ATEEIE (activity of daily living, ADL) °4EIEDE  (quality of life, QOL) D
FBLOMECHFEGTELHDOLEEZBND,



BT 7= URROBREPFFENER L ORIEIC R THE

2
il

7 T UPRITVE 7 EORMEIEIC 2 < & E A D AHEER O —FE T, 5 I EIRAN R S WA
S, AR—=VRELZLEDHTHNLN TN D, b MRERCIL, EBIFTO 7 = B
INERIE T BT 2 Z &0 BT 4 — v UV RARYGET H I LR ERRE S TW
%73 (Sugino et al. 2007; McNaughton et al. 1992), D A I = X AT ARTZZH S T
TR,

7 T BB L AR A 1 = A LDRHE LTiE, M OAREREO I,
ATP FEAEDOHM, FHEENZ L VWD L7 ) a—7rrofisen L, FERH~OZENR
ZEF O TV D, I OFLFEEFRE O ML B L 72 7 = £ tricarboxylic acid cycle

(TCA [HI#%) WTAEUZ = BREFRRIC, MHEROEEABFR THOLRART VT K
¥ —¥ (Pth) ZET DI LICL > TENE VEROMBEIZERE 2 ME 95 2 L ISR
T 5L EZ 5N TS (Miyake et al. 2001; Penelope et al. 1972) , ATP FEA= D HEINIE
B L7 = @I b=y R 7RICEZELG S T b= RUTHNO TCA [FHIE

B RERORICNILET 522 L1085 EFE 2 5T (Sugino et al. 2007), &
ISRV L) a—F r Offiseld, 7 = U EBEBEIC LY Pk AHES 7 v a—
Z-6-U B ER L, 7V a—=F 0Nt T LI LICLDEEZEALNTND

(Saitoh et al. 1983), F7z. fkilt. 7 = VBRICITIIEMBIZIRDN & 5 L WG ST
% (Bryland et al. 2012; Abdel-Salam et al. 2014), EHERFZA U 2 RIAE T 57D R
KD12THdEZEZBNDHT-D (Peake et al. 2007), 7 = U FEFEEUT K 2 9 S5
BRI, RIEOIHINEE L T DR D, Ll 2O OREITTERA 7 =

BT 2+ 07 AT RE 2620, £ T, 7 = UG K DI IR
A= ALERRD ZEHAME LT,

ARETIE, O P OEE T d D FFIR & A% 2 T FRITIRIRSR I K D 97k &
BRI RV EHER SO BFE AR &L MEITAE B L, BIs FRBE L~V Tr = U BRORERE
EREELTZ, B 1EITIE, ~ 7 ZAOERKMGZ MO TDNA~A 7 07 LAIZL ) #EF
FHLR 2 AR IS Lo, 6 2 BiClE, = 7 ADFIEE WV TR REBIn 20 A
74 —AA T LA LY BUnFIEBL R 2 MR T L7,



H1HE 7 BEREIC LD~ T R E R OB s I8 BLE B O AT

1. WY

AKEITIE, 7o UBEBERIC LA A V=X LEZHLNNITA2Z 2 HNE L,
~ 7 RERERD & DT ORFE R A2 D & 9D = kL X — R X ORIE B R 3
HlZ DNA ~A 707 LA B L0 M8HERIRNT LT,



2. ik
2.1 EBREWE TS m ha—u

8 HiEn DHEME C57TBL/6d ~ U A% HARF ¥ —/L A « U3— (BR) LVHAL, v v
AUk, SHERE 23+12°C, 12 BB 4 7 v (B 8 RE~20 Bf) OBREETFIZ T, 7
FAF w7 = BT Lz, filROEFEE (CRF-1: BAF v —/L R - JS—
(BR) 12T 1AM PHEE Lizth, SHEOTFHRENSE LD LHI1C, BEAKES
# (Control) & 7 = W 5#E (Citric acid) @ 2 #EIZH T (n=3), FAICLD
HEZ R T~ U A % — Bl R, 2 RefElffK S 7% AR BK E 70137 = Bk (20
mg citric acid/30 g body weight) % > > FIZCHWNES Lz, #5 30 /3% ICWrofE&
L., ik, BEIOEKGHE LT 7 A EMEHEZGoE TERIRLZ, 7=k b%
DOFFH E TORMIZL, S 0OWE L mifEr = RN K E 725 30 4327 E L
7= (Yasukawa et al. 1991), MMik% AW CifbE, FLEEE2NE L=, £7/-. MKz
O 0EE (10,000X g, 5 min) L, MEE 72, mAEX0H £ CT-30°CIZ THBRERTE L,
17 = ERIREE OWIE I A 2, BREAIZE B RNAlater (7472 () 122
L, DNA ~A 7 a7 LA AT LTe, AFRIE. Bk - REERBMHHEZE R
ROEBEST-H GKRER - 11-04) . B EBRGERE ISV T L7,

2.2 ‘FI&IH OB RBLE DM -DNA ~ A 7 a7 LA -
fEAIREIZ X, B2 — R 5 mm F2EICH v b L RNAlater [ZiR{& L7z, DNA <A1
7 a7 LA fiENT (Agilent Technologies) (£, DNA 7 v 7 CATICZEFE L7z, Pathway

fEHTIZ 1L GenMapp (Gladstone Institutes, University of California at San Francisco)
A LT,

2.3 R4 0T
2.3.1 IfifE 7 = EEIRE ORIE

MmAE 7 = IR ORIEIL., 26D JE (Yasukawa et al. 1985; Yasukawa et al.
1991) #W B L TITo7,

Frb b, M 250 uL i< 6%@BHEFERR 500 uL Z ML, 5 o MkE Lz, =LY
B (10,000X g, 5 43fH)) ZATV, RIEZ1S72, 2@ KB 500 pL % 2N KOH #J 150 pL
THFI L7z, D%, 1.2M KCIV/1M Tris HC1 buffer pH8.6 % 350 pL iz, .04



(10,000X g, 5 43fE]) Z47-7-, b 500 pL Z£RE L. 1RAFEE (1M Tris HCI buffer
pHS8.6 0.025 mL/sample, 0.4 mM ZnSO4 0.25 mL/sample, p-NADH 0.2 mL/sample,
Malate dehydrogenase 0.025 mL/sample) % 500 pL Il ., =il T 5 53 IGE L7214,
250 L 24310 7o, —HIZITEEEE LT 0.156 M Tris HCI buffer pH8.6 % 20 ul,
H o —HiZixZ = Y 7—+E€ (0.5mg/0.15 M Tris HCl buffer) % 20 pL ML, =
LT 20 Sy FACE L7z, AtiEfe. 340nm (23517 2 WOLE 2 L ERHT THIE L, 2
R OB D727 NADH OHE &4 K, MMEr = iR 2 H i Lz,

2.3.2 [MFEEFS L O H LB ME DR &

PRI L IS E & R FLERE OWRIE 21T - 7o, MBEEIX. AT 1 8—7F w7 (Tv
E (BR) ZEHOWTHE Lz, MHPABEE, 72277 —F-7r (T—27 1A (K) %
HOTHE L7z, WIhd 2 ERIE L, FEHHEERD T,

2.4 #Et
T IO T ERERE TR LT, 2 B OTFEHEOZEDOKREIZIL Student
DtREEZH W=, P<0.05 DEkE, FEZH & LT,



3. ik
3.1 EHEfh DB TR BLEDOMEAIMENT -DNA ~ A 7 07 L A2 K D it
3.1.1 7 = Ui 5s < U A F R OFEE A BE RS TR B M AT TR

J T UBOBRGICEY, EHAEOEEEFEFE TH DH phosphoenolpyruvate
carboxykinasel (Pckl) OEfs R EIT 11151 EH L7z (Fig. 1-1), fEHERDOE
W #E CH 5 hexokinase 1,2 (HkI, Hk2) . phosphofructokinase (Pfkm) .
pyruvatekinase2 (Pkm2) OBAFHBEIZIIEENAL LN -T2 (Fig. 1-1), *
7o, 7o bx, TCA FIENE L UOEAEROBLFHRIEICLEEL B 272
o7z (Fig. 1-2, Fig. 1-3) . 7'V 2 — 75" L 43 fEl% 3 T d 5 glycogen phosphorylase (Pygl)
137 TR 5L LT85 ER L= (Fig. 1-4),

3.1.2 7 = UGS~ U R EAR A O JNE BEE R 1 I B KIF SRR
FIEMEY A M A v DZRIETEH 5 tumor necrosis factor (TNF) -alpha receptor 2
(Tnfr2) 1%-1.8 512K T L7z (Fig. 1-5), Interleukin (IL) -1 receptor, type 1 ([11rl) .
IL-1 receptor, type2 (I11r2). IL-6 receptor, alpha ([I6ra) i Ei1-1.8 1%, -3.1
i, -1L.9fHICIR T L7 (Fig.1-6, Fig. 1-7),

3.2 MEAAC 54T

M7 = R . mbEE, M EEOR R L Fig. 1-8 [TR Lz, M7 = iR
X, 8By omiEs 7 — v UCHIE LT, 7 = Ui 5Ro ity — R IE 12.1
mg/dL TH V., REKEGHED 3.6 mg/dL &l L CEfEZ R L7- (Fig. 1-8 (a)), I
PEEIL, ZRE KGR 10617 mg/dL, 7 — V&% 57 245+9 mg/dL C, 7 T %
BB CHRICHEEZ R LT (Fig.1-8 (b)) , il FLEREIL, 2884 /K £ 5.8 2.810.4 mM,
7 T U 5RE2.450.3 mM T, mEERICA B R 2 TR b o 72 (Fig. 1-8 (),
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Fig. 1-1 Pathway map of glycolysis and gluconeogenesis acquired by DNA microarray

analysis

This figure shows the changes of mRNA expression in glycolysis and gluconeogenesis of
C57BL/6J mice skeletal muscle after citric acid intake. Green shows —2.0 < expression ratio <

—1.5 fold change. Yellow shows —1.5 < expression ratio < 1.5 fold change. Pink shows 1.5 <
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expression ratio < 2.0 fold change. Red shows 2.0 < fold change.
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Fig. 1-2 Pathway map of TCA cycle acquired by DNA microarray analysis
This figure shows the changes of mRNA expression in tricarboxylic acid (TCA) cycle of
C57BL/6J mice skeletal muscle after citric acid intake. Yellow shows —1.5 < expression ratio <

1.5 fold change. Pink shows 1.5 < expression ratio < 2.0 fold change.
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Fig. 1-3 Pathway map of electron transport chain acquired by DNA microarray analysis
This figure shows the changes of mRNA expression in electron transport chain of C57BL/6J
mice skeletal muscle after citric acid intake. Green shows —2.0 < expression ratio < —1.5 fold

change. Yellow shows —1.5 < expression ratio < 1.5 fold change.

10



Glycogen Metabolism
cAMP

¥
Phosphorylase Kinase B
Phkat |[-1.31

i_Phka2 1002 Synthesis

Phkg1 :-1.073

Degradation
[Pikgz ] 10175 Glucose-1-phosphate

Glycogen  Ugp2 1254
| Pygm |-1.183 UDP-Glucose + ! Gygl i-1.131

Glycogen (n-1) + Glucose-1-phosphate ~_ ™ .l

Debranching Enzyme i Gysl 11475 :G-si(3—h_'
F——
Glucose
Glucose-6-phosphate
P R Glycogen (n+1)

SerfThr Protein Phosphatase 2A

Ppp2ca |-1.005 Branching Enzyme

S Ppp2ch |-1.088
Glycolysis Ppp2ria |1.1576
Ppp2r2a |-1.177
Ppp2i5a |1.1862
Ppp215h 10115

Glycogen

11.1932

__________ 10744

Author: Kam Dahlquist, Meredith Braymer -1.088
E-mail: genmapp@uladstone.ucsfedu 10841
Lastmodified: 12/04/03 S

Copyright® 2002, Gladstone Institutes
License: Creative Commons Aftribution License

Gene Database
Mm-Std_20080628_Agilent_v2.gdb
Expression Dataset

Name: CA202_203_vs_DW101_103
Color Set: ConPath_FC

Gene Value: ConPath_FC: Expression

Legend: ConPath FC
W20<=Fc

[Cl1s<=Fc
[J15<Fc=1s
CJFc==-20

Crc<=-15
[CINo criteria met
[Net found

Fig. 1-4 Pathway map of glycogen metabolism acquired by DNA microarray analysis
This figure shows the changes of mRNA expression in glycogen metabolism of C57BL/6J
mice skeletal muscle after citric acid intake. Yellow shows —1.5 < expression ratio < 1.5 fold

change. Pink shows 1.5 < expression ratio < 2.0 fold change.
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Fig. 1-5 Pathway map of TNF-alpha/NF-kB signal
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This figure shows the changes of mRNA expression in TNF

C57BL/6J mice skeletal muscle after citric acid intake. Green shows —2.0 < expression ratio <

—1.5 fold change. Yellow shows —1.5 < expression ratio < 1.5 fold change. Pink shows 1.5 <

expression ratio < 2.0 fold change. Red shows 2.0 < fold change.
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This figure shows the changes of mRNA expression in IL-1 signaling of C57BL/6J mice

pression ratio < —1.5 fold change.

skeletal muscle after citric acid intake. Green shows —2.0 < ex

Yellow shows —1.5 < expression ratio < 1.5 fold change.
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Fig. 1-7 Pathway map of IL-6 signaling acquired by DNA microarray analysis

This figure shows the changes of mRNA expression in IL-6 signaling of C57BL/6J mice
skeletal muscle after citric acid intake. Green shows —2.0 < expression ratio < —1.5 fold change.
Yellow shows —1.5 < expression ratio < 1.5 fold change. Pink shows 1.5 < expression ratio <

2.0 fold change. Red shows 2.0 < fold change.
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(a) Plasma citric acid (b) Blood glucose (c) Blood lactate

14 300 * 4
12 250
3
10
% . % 200 S|
S
) S 150 E 2
E 6 IS
100
4 1
0 0 0
Control Citric acid Control  Citric acid Control Citric acid

Fig. 1-8 The levels of (a) plasma citric acid, (b) blood glucose, (c) blood lactate

This figure shows plasma citric acid, blood glucose, and blood lactate levels of C57BL/6J
mice after citric acid intake. Data of (a) plasma citric acid was measured using pooled samples
of three mice. Data of (b) blood glucose and (c¢) blood lactate are means = SE (n = 3). Statistical

significance was determined by Student’s t-test. Asterisk represents a significant difference (‘P

<0.05).
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4. HE

7 T UFREIROWE FEREA B = AL E LT, P OLBEEOME ., ATP FEAD
B, EEB%O Y a—5F R EREERE SO ERFT T E A,
IRANZZXDTHL NI SN T IR0 o7, T I TAREITIE, 7 = U BROJE TR A
SALEWLNNITHIEEEMNE L, 7 2 VBB GIZ LD~ U AFG O8I R E
BEOEbE, FROREERH L JIEICE B U CREREIICIRIT LT, ZORES. 7 = Ui
HAZ X D978 Rk, FBERMH . TCA B MHREZ R OIEEIC L 5 b0
TIE7e < BEFADOTUE & RIEDIHNTER LTV % aIREMEN R ST,

7 U A X DB EREMENCE LT, B MY = UBRIRIE (0.4 glkg (KEH)
RS D & HERIC LA LM EBEOK T AMEE Sz & ORENH 5 (Mi
yake et al. 2001), ZTDA B =XLD1>& LT, EEL =Y = Ik oA
FRARTNT FxF—E (Pfk) OFAL 2D MHEREZIHT 2 2 L BZB%T 60
TW% (Miyake et al. 2001), —F5C, AREITIL7 = WBEEIZXLY Pk OB T3
BEOK T XM AREOH A ITA b T, 7 = Uk 512 kD PkIRELET LT
FLEREEFEINH S RN LA D AVIR o To o AWFIE CHEESEREINHI S RN B AL o o DI
v U ANIEEEERSGG T CTholzZ b B2 OND,

I TR THIIA = ALD 1D LT ERLE = BRI ha s RYTH
G S D 2 212 K 0 TCA RIFESCE HRERMEMAL S 41, ATP FEA BT 5 7]
BEME DA STV S (Sugino et al. 2007), L2rL., ABFETIL, 7 =BG
D TCA EIE L VEFRERDBIRFRBEIIZEN L 2hoTe, LTER-T, 72
BRHE 513 TCA [ 5 L OVE MR A IEHEE T, BG L7 BRI har R
TICEFEME S TRV 2 LR ST, BLEL Y 7 UG
W T T, FLEAE AR TCA [F13% - B AREROIEMEIC L D b O TE RN
AIREME S RIS S Tz,

— 5T, AREITIIHE A OEEE#E T D phosphoenolpyruvate carboxykinase 1
(Pekl) OBMLTRBLEN 1LIFICHEMN L, 612, 20RO 7 =BG OMm
FEEIE 245+ 9 mg/dL T, REEKFEGHED 106+17 mg/dL & il L CHEICE -T2
D, 7 UG X VRS EN TTHET D Rt R ST, 7 UG X
DEERAETTEIC BT 2 MAIX I E TRY 75T RIFEAID CORETH D, L
L. PekI\Z X o THEFAENHIE S TO LRSI TR CH 572D, [l <ot
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bUETH D, £lo. 72 UBREGICXOERENTTHET D & B DORE P HE S
NoEHEIND, BEFEOIEED 1 DITHBETH D0, AL T = U BRE GO
FREIIZB Lo Te 2 oG, AP EE L o7 L 1T3EZIT W, LinL, 7
VIR L0 i PRI MK T S 0 ) W D 572 (Miyake et al. 2001;
Penelope and Lee 1972), 7 = e G X O BEETANTCHE L, ZORE L LI
PRI SN D Z & THPOHRIBEREDTON D ATREME S H 5,

Fio, 7V a =7 oEEERIR FREETIE, 7 a—F 0 EEER O glycogen
phosphorylase (Pyg) 78 1.7T8 f5IZ LH L. 7 VWG 7 ) a—0 2 D53 % T
ETDAERMEN RSNz, LorL, Pyl IS ET 28R CTh L1, 4k, I
iz OB BB ETH 5,

7 UG XD RIERPIHI SN D Z ERHE SN TEY (Abdel-Salam et al.
2014; Abdel-Salam et al. 2015) . T DORIEDIMHIA 7 = L FROWE TR R 2 12 6
LTWDHREME S & D, AWFETH 7 = g4 5.1 KV TNF-alpha reseptor 2 (7nfr2) .
Interleukin-1 receptor, type 1 (//1rI). Interleukin-1 receptor, type2 (//1r2). IL-6
receptor, alpha (Il6ra) OBEFRBNMET L TR, 7 = &5 0 RIE 2 M5
% RREMED R ShTe, TEBIRHCIIAT A E KD IL6 23 EH 2 2 E A LI o T
% (Pedersen and Febbraio 2008), %7, @Dt IR\ T IL-6 3 LU TNF-a
N ERT 2 EHESNTREY (Starkie et al. 2001; Nieman et al. 1985), = ® 7%
P 2 AR MOBERPAL SN TND Z 0D (Peake et al. 2007) , IEERFD
RIEZINHT 2 Z LIPRTBEROT-OICEETH D LMREIND, LIeh->T, 7
BRI T RIESNHNC & 2 T BEREN IR & 5 v Rett &R S iz,

UIEZ Y KRETIEZ = oGS K DT RREIRIT, LS. TCA [Bl#s
REREROTEMELR EEN LTV RNZ LRI, —F T, 7 U BEEbIT
BERT AL TUHE & RIAEINHNC X 0TI HF G L T D ARt B FHH L~V TR
Shi,
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H2H 7RG LD~ U AT OB ST I E A B O REHT

1. HY

FH1IEH TR U BROE TR A 1= XL EH LT D0, 7 =B 5
LR TREOEE, ~ U RAETG &2V DNA~A 7 07 LA 2 XY #EFEAIC 7
WLz, ZORER. 7 = UG X DWITBBENRIT, N E TR E LTHET L
T & AR OFHEIH°, TCA B « EA IR DOIEMALIZ K D ATP EEA DI %
L CWRWARESED R S Liz, — T, 7 = U BE G2 L b & Pek1 D515
B R L TRY ., BERENTUET DR RSz, L L, BN EIT 5 E
NEERI IR T D Z &b A WG DB ETH S, o, & 1 HiCTIIEH
& AT Ds ) Il 770 20— U fic B 585+ Th D Pygl DRI EH L TH
. BTS2 Y a—F SR EAT 500 EHALNCT IR ERND S,

Z ZTARHEI TR, 7 o UG X D MBEE O BN TR T OB A TES 7 ) =
— ORISR T 200 LT 52 & B E L, 7 = UGB O E R
THRBUCE 2 DL 7 5 — B A NT LA CTHIFRIICARIT L 7=,
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2. ik
2.1 EBREWE TS m ha—u

8 B OHENE C5TBLI6 ~ 7 A% HARF v —/L A » U "— (BR) L OBEA L, <=7
2%, HEIRE 2322°C, 12 RERIAREY 1 7 v (B8] 8 KF~20 ) OEREENIZ T, 7
FAF w7 = BT Lz, filROEFEE (CRF-1: BAF v —/L R - JS—
(BR) 12T 1AM TPHEE Liztk, SHEOFHERENSE L RD LI, REKkES
# (Control) & 7 = Ee¥e5#f (Citric acid) @ 2T (n=6), v~ 7 A% —
R, 2 BFRHK S8 72%, REKELITY = U BRAEK (20 mg/30 g body weight)
Y UTICCTHENEL Lz, #1540 5% ICKoERES L, ks & OFiRa BB L 7=,
i 2 A TP E, FLERME 2 RE L7z, £7-. 81 L7z ik 2 50578 (10,000 X g,
5min) L. M#EEF, XM £ T-30°CIC CTHRERERTE L, MAE 2 = L BRI O
ENZHW, ITlBIE total RNA offith & 77U a—7 v \mORIEICHW -, gD —E
X, 15 X 5mmBEORE IITHVEDY ., EHIZ RNAlater (77 (BK)) 2
R L. total RNA ffitt & T-80°C THsIRAT L7z, 781 OIFIEIZ T £ T-30°C THRAF
L. 7V a—rraoREICHW ., AR, Bk - K FERBYMmEEE B S 0K
RAEGI% GKRE S : 13-05) . B EBRMMELELE IZHEVFHE L7z,

2.2 Nl s+ S B B OMBEAIENT —7 4 —D X BT LA fifhT—
2.2.1 Fl&o total RNA Ot
IR IZ RNAlater (23R8 L-80°C T R(FE L TRV ATIEA 20 mg z AW\ T,
RNeasy Mini Kit (77> (¥8)) 124V total RNA ZflitH L7z, total RNA OffiJE
(X, 260 nm/280 nm OWHEDOAHHE L, 1.8~2.0 DFIFHIZINE > TNDH I &%
L7,

2.2.2 74 —HANT LA M

IR D B AG 1S BLE ORBRRIIRAT (7 4 — A NT LA fT) 13, =LA 3 v (1)
WZZEFE LTz, T » 713, =3 F—REBEER S A2 7 4+ — B A L2 b D& v
Too BB TRBOEIT, 7 =W 58E (citric acid, CA) /ZEEI/KE 58 (distilled
water, DW) D TRL7Z, BB 1HI CTHWEZ DNA ~A 7 a7 LA B 4 FH OB T
B BEOLAZ WEEANIRITT 2 FIETHLOICK L, 74— A T LA IE, £ 200
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B OB T REEZ MRS T D FETHY, VT VH A4 L PCR EFRBEEDHFE
PEFRD 51TV 5 (Hohjoh and Fukushima 2007)

2.3 MiRAEILFEHT
2.3.1 M7 = IR ORIE
M7 = BRI E OIEIL. 56 18 2.3.1 OME7 = IR ORIE & FERIZ T 7=,

2.3.2 IfiEEE I X O A FLERfE o ) &
MmBEER L O m P I LERE ORI E X, 6 1 81 2.3.2 & [EEEICIT- 72,

2.4 ffligh 7V o —47 v ofht & E

fFiiE 100 mg 12, 10% b U 7 o o g 0.8 mL 2% LARE VT A XL, ELsy
B (1,900Xg, 5 min) L7z, k{5 0.4 mLIZ 258D 95% %/ —L &z CTL<IR
AUzt m0sEE (1,900Xg 5 min) L, 7V a—47rz2kksdl, RiEaiEn
(Y BRUN T2t Z&BEKZ 0.6 mLNz & <A Lz, ZO%IRIZ 5% 7 = / —/L 0.5 mL
ZMMZTEIRA L., Bl 2.6 mL 201 % 20 53 [EAGE L72#. 490 nm (23517 2008
JE % oy Y RE T CIIE L7z,

2.5 #it

T T TCTEE AR RERR TR LT, 2 BE OSEME O ZDOKBEIZIL Student
DtREX W, P<0.05 DFf, AEE=bHY L LT,
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3. ik
3.1 74 —HARNT LA R
P A B R OB 7388l % Table 1 (/R LTz, 7 = U BEEHIZ XD | filfhE
R OHEHEEESE CThH 5 glucokinase (Gek) . phosphofructokinase (Pfkl) . pyruvate kinase

(Pklr) OB +HRBEZTELLRPoT, WHEOHRFEMEETH D
phosphoenolpyruvate carboxykinasel (Pckl). glucose-6-phosphatase (G6pc) Di&
FHEIEL, 72 UVBEREIZRLV B LR T,

RIERHE B, =/ F—EAREEL . Si(LREEE R 3Btk & Table 2 (2
KL, RIE~—H—D1-2>CTH 5 interleukin-6 ([L-6) DEIEFFHRELN, 7B
ehHIZ X v 0.78 fFI2E L7z (P =0.05), NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 4, nuclear gene encoding mitochondrial protein (Ndufa4) % &ir 28
DI hary R TAOZF X —pEAEREL X, 7o BRIV ED L, T
fe v B s - T 5 glutathione S-transferase, alpha 2 (Gsta2) . glutathione
S-transferase, alpha 4 (Gsta4). glutathione peroxidase 1 (GpxI) 137 = &5
WL VAL, glutathione peroxidase 2 (Gpx2) . glutathione peroxidase 3 (Gpx3)

X LT,

3.2 IMHE 7 = e & i B A oo b

ME 7 = U ERIEFE 1L, 7RG KGR 4.2+0.1 mg/dL, 7 — U EEF% 58 8.3+0.9 mg/dL
T, 72 UBEGHCTARICAEMELZ R L (Fig. 1-9 (@), MBEIL, KRR 58 125
+4mg/dL, 7 = &R 153+4 mg/dL C, 7 = UBESHCTHEICEME R LT
(Fig. 1-9 (b)), M A FLERMEIE, AR K GRE 245202 mM, 7 = U GEE 2.250.1
mM T, WEERICAERERETA LN -7 (Fig. 1-9 (©),

3.3 it 7 ) =2 —7 &

g7V 2 —2 &k, WMERE 100 g bz, AR KELGEE 38.944.0 mg, 7=
FRH 5 50.6 7.0 mg T, ARG R L T = U GHET 130%I12 E5- L
TebOD, MEERICAHBERZITA LN o772 (Fig. 1-10),
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Table 1. mMRNA expression ratios of citric acid group to distilled water group (CA/DW) for genes related to glucose metabolism.

Accession No  Gene Symbol Gene name CA/DW  Pvalue
NM_010292 Gek Glucokinase 1.08 0.58
NM_008826 Pfkl Phosphofructokinase, liver, B-type 0.83 0.17
NM_013631 PKIr iztrzllj:;rt Z:rzgfﬁclc;\d/?;; Tﬁitrggh%lr?gr(ijaﬁeglr’otein, transcript variant 1 116 0.36
NM_011044 Pckl Phosphoenolpyruvate carboxykinase 1, cytosolic 0.99 0.92
NM_008061 G6pc Glucose-6-phosphatase, catalytic 0.88 0.36
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Table 2. MRNA expression ratios of citric acid group to distilled water group (CA/DW) for genes related to inflammation, energy production, and anti-oxidation.

Functional classification Accession No Gene Symbol Gene name CA/DW P value

Inflammation NM_031168 116 Interleukin 6 0.78 0.05
NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4,

NM_010886  Ndufa4 . s N . 0.73 0.01
nuclear gene encoding mitochondrial protein

NM_133666  Ndufvl NADH dehydrogen_ase (t{blqumong) flavop_rotem 1, 0.87 0.05
nuclear gene encoding mitochondrial protein

NM 028388  Ndufv2 NADH dehydrogen_ase (u_blqumone_z) flavop_roteln 2, 0.89 0.04
nuclear gene encoding mitochondrial protein

NM_145518  Ndufsl NADH dehydrogengse (utyqumone) Fe-S proteln 1, 081 0.09
nuclear gene encording mitochondrial protein

NM_153064  Ndufs2 NADH dehydrogenese (ubiquinone) Fe-S protein 2 0.91 0.27

NM_144870  Ndufs8 NADH dehydrogenese (ubiquinone) Fe-S protein 8 0.88 0.01

NM_026219  Ugcrb Ublqumol—cytochrqme c _reductase_bmdmg_protem, 0.88 0.00
nuclear gene encoding mitochondrial protein

NM_025650  Uqcr Ubiquinol-cytochrome c reductase (6.4kD) subunit 0.91 0.11

NM_025710  Uqgcrfsl Ubiquinol-cytchrome c reductase, Rieske iron-sulfur polypeptide 1 0.76 0.03

COX3-315 mt-COX3 COX3 cytochrome ¢ oxidase III, mitochondrial 0.71 0.12

NM_009941  Cox4il Cytochrome c oxidase subunit IV isoform 0 0.80 0.04

NM_007747  CoxGa Cytochrome ¢ oxidase, subunit Va, 085 0.03

nucleargene encoding mitochondrial protein
NM_009942  Cox5b Cytochrome c oxidase, subunit Vb 0.84 0.10

Cytochrome c oxidase, subunit VI a, polypeptide 1,

NM_007748  Cox6al . 3 A N
nuclear gene encoding mitochondrial protein

Energy production
Cytochrome c oxidase, subunit VI a, polypeptide 2,

nuclear gene encoding mitochondrial protein
NM_007807  Cybb Cytochrome b-245, beta polypeptide 0.80 0.05
ATP synthase, H+ transporting mitochondrial F1 complex, beta subunit,

NM_009943  Cox6a2

NM_016774  Atp5b . X . . 0.83 0.14
nuclear gene encoding mitochondrial protein
ATP synthase, H+ transporting, mitochondrial F1 complex,
NM_020615  Atp5cl gamma polypeptide 1, nuclear gene encoding mitochondrial protein, 0.76 0.06
transcript variant 1
NM_016920  Atp6v0Oal ATPase, H+ transporting, lysosomal VO subunit Al 0.85 0.05
NM_033617  Atp6v0b ATPase, H+ transporting, lysosomal VO subunit B 0.84 0.04
NM_007509  Atp6v1b2 ATPase, H+ transporting, lysosomal V1 subunit B2 0.82 0.09
NM_013477  Atp6v0dl ATPase, H+ transporting, lysosomal VO subunit D1 0.87 0.24
NM_007510  Atp6vlel ATPase, H+ transporting, lysosomal V1 subunit E1 0.87 0.06
NM_025381  Atpévlf ATPase, H+ transporting, lysosomal V1 subunit F 0.84 0.07
NM_133826  Atp6vlh ATPase, H+ transporting, lysosomal V1 subunit H 0.89 0.31
NM_009463  Ucpl Uncoupling proteln_l (ml_tochondrl_al, protqn carrier) , 0.80 004
nuclear gene encoding mitochondrial protein
NM_011671  Ucp2 Uncoupling protem_z (ml_tochondrl_al, proton carrier), 081 008
- nuclear gene encoding mitochondrial protein
NM_009464  Ucp3 Uncoupling protem_3 (mlltochondn‘al, proto_n carrier), 085 011
nuclear gene encoding mitochondrial protein
NM_008182  Gsta2 Glutathione S-transferase, alpha 2 1.28 0.01
NM_010357  Gsta4 Glutathione S-transferase, alpha 4 111 0.26
Anti-oxidation NM_008160 Gpxl Glutathione peroxidase 1 1.30 0.08
NM_030677  Gpx2 Glutathione peroxidase 2 0.80 0.08
NM_008161  Gpx3 Glutathione peroxidase 3 0.88 0.09
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(a) Plasma citric acid (b) Blood glucose (c) Blood lactate
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Fig. 1-9 The levels of (a) plasma citric acid, (b) blood glucose, (c) blood lactate
These figures show plasma citric acid, blood glucose, and blood lactate levels of C57BL/6J
mice after citric acid intake. Data are means + SE (n = 6). Statistical significance was determi-

ned by Student’s t-test. Asterisks represent significant differences (*P < 0.05).
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Fig. 1-10 Liver glycogen levels

This figure shows liver glycogen levels of C57BL/6J mice after citric acid intake. Data are

means £ SE (n = 6).
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4. B

AREITIE 7 T BROWETEEA =X 5, Tiabb, 7 RIS L2 TS 5
D, FTRIELZIRT LOPHALNITL L2 ANE L, 7o vakb Lo~y
APl A AT 7 4= 2 BT LA T 2 52l LTz, & Ofs 5 1 HiORE R & RIARIC,
7 T PG X MAEES A SIS EEZ R U, BT AR TS 2 "I REME D R S v,
L L. BEFTADOHEEESE CH 5 phosphoenolpyruvate carboxykinasel (Pekl) ¥ K
O glucose-6-phosphatase (G6pc) DBARTHIUIEL Lo T-, 24 Kl L7
7 v FTiX PCK1 OIEMENEBE TR E > T 0, ERFHEOMERHZIZE NS P 412
BERERN A RT-T 2 LBWE SN TS (Sano et al. 1986), AMFIETIE, 20 kel
M Lo~ U A& Wizl fFlEC O AT ML ISR RICIEME (L L TRY , 7=
VR G-DREND NIRRT EEZ B ND, REITIE, 7T UG X 0B E
INTCHES 2 ATREME DS D TR SN AT CHETER AL 5 2 L 2 Bin F I L~L
THBALMNZTTHZ LT TE Mol

FVBLIEHIC T 2 U BRGICEY 7Y a—F Uy fRlgR OBIn FHRBLS LA LT
D, KETEIFEO 7Y a =7 U BENE L2, 7= o BEGREEOIE Y =
— 7 VEIE ABEBSRONRD TS OO KESHE L R LT 130%I2 EA- LT
Wiz (P =0.19), 7T BROBGNENRID LIRS LOEKGO 7 ) 2 =7
YOMEEREST L2 ERT v FPEAVERRICTRES N TS Z L b (Saitoh
etal. 1983), 7 “ UGN Y a— 7 & ER IE D AN R S v, — T
%1 EICTy 2R G LY 7Y 2= U REER ORI LFH LT\ zo
X, 7V a—=F ORI T RIS TH D EEXBND,

B1HEHIO~ T A ORBRTIL, 7 = ERORR BRI AT, fEFER OIHEIHE S
FLEAERIMGI, TCA M - BAREROEMALR E2 T L TR LAVRIR S LT
D3 ARH O E W23 BRI W T L | i R OHEEEESE Th 5 glucokinase (Gek) .
phosphofructokinase (Pfkl). pyruvatekinase (Pklr) DiElsFHIUIEL Lo
7o Fl2. ZORE, MHEBRELEL L T oz, BLEX Y 7 = U G A RS
R ET DI LIS LV ABOFER LIS D ATREME IRV Z &R E Tz,

BLIHTIE, I bay FY 7NO= 3L —pEARERAFITITIE & A EELR A D
NI Tes ) REOEZ HWZRBRTIE, 28 DI b= FY T7HOT R LF—
PEABERIA 1L, 7 =B GICX VR Lic, LIei> T, 7 = U BROBRG I3
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BN TH TR F—PEAEZTUE L) 2 EAVRIRENT,

51 EOBAEN & AV IZRBR T, 7 = VIR G K0 SRR A KRR T DB
DT 5 Z LRI NTEN AEIZEN TS 7 = V#5512 LV interleukin 6 (/L-6)
DAL TFBLNEAD U, 7 = B 5 RAEZ I3 2 vlRetEasvRr Shviz, 7 = U
Hid, mibEsRE T CRIEZFE Lo v MMERFERIRN BN O JE 2 i 425 Z & X0

(Bryland et al. 2012), VAR v T74 NICKXOVRIEZFE LT~ T ZADOME T
TN E Al & SIEZ I T2 Z L3 HE SN TEY (Abdel-Salam et al. 2014) .
ARFZEDFERS Zh b D L —H LT\ 2,

FoARHITIE, 7 = BRI L D EITHIESMIAFIET D glutathione peroxidase
2 (Gpx2). Gpx3 OB FFRBUIBD LIz b OO, MWK BEERT A VA L
ThD Gpx1Z EH LWz, X512, glutathione S-transferase, alpha 2 (Gsta2) .
Gstad b LH L TWZ &b 7 2 Ui GIC XY | iFgoO bk EF-9 % 6
PEAVR STz, BB X912, 7 = OG- D T K ORTlg Dt LR E o £ Bk 2 #1
a2 N~y 2AEHWERRICTHLMNZIINTWSD (Abdel-Salam et al.
2015; Abdel-Salam et al. 2014), DA B =ZA LD 1>+ LT Gpx=° Gsta D LH-%
FFHZENTET, SHIZ, Abdel-Salam HIIHILIEA Z R8T 25 7 =V BBOH
HREIZOVWTUHREFLTEBY, v U A~D7 = U ROFGIT, 1~2 ghkg TIEHIRIE,
MIBALER DS 5N 505, 4 glkg TITWIIRIEMENEH 2RI/ REMED 8 & LB~ T
5o RFEBTIT~ U AIZ 20 mg/30g, 7206, £ 670 mglkg 5L TNDHZ &b,
KFERD 7 = OG-8 RIECIRLZMf 2 /RN H D WIERETH D LB X
bhd,

KRE T, 7 U BOEFEEA D= A LER| LT LI EE2ENE L, 72U
i b Lic~ U ZDOATBOBIc FI3 B2 7 4 — I A M7 LA KOG LTz, £ ORE R,
7 T WA K DRI IRIT. ARHER S TCA B, B mER 7 & OIEME(LIC
£ 6D TIEA < BEIEDTTHESLIIEM] ., FURREAIRICE 2 6 D TH L wlREMENH
Mo T,
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/NG

IR g FRIC 51 D98 7 U I REE R IE S B E L T\ D B 2 b b, 8 1 Tl
IRERFIRABIC L 0 A U DB RO LR RIEITKT LTy = VBN EZN T dH 2 alhetk
EWRDTO, U ADEKG & HEE AW T 7 = Ui 5 X DB T RE O L E
TR AT L7,

1 EITIE, v U AER OBS T REBL L MRRAIRIT ISR L, 7 = VBRI 5
KRB LORIEICEH 2 DB OWTHRET LT, ZNET, 7 = U BOREFTEIRA T =
RXLE LT, SR OMENC X5 Mo @ERomE, 2 hay KU THETO
ATP FEADHIN, 7'V a—7 v Offise/e ENFEF LN TE 7, LL, 1 HOREE,
7 TR G X B ERIBICIE, Pekl OREGTRBLO LR AN LT AEO Lt &
SAEDIHIABE G- L TV 5 ATREMEAVR S vz,

52 Hi Tl v U R A VT = U BT K D RE TR B E) & R L ST
L7, ZORER, 7 = U BOFb1X, 8 18O 2 AV 7o & FRE, R o
B3BL, TCA RIRSCE TRIERZREDI hay R 7 NOBEFREICELE 5
o T, BEEEOHEEESE T % Pekl OEIGTFRIUIEIIH SN >T2H DD
MAHEIXAEIC LA LTRY 7 = U BOFRE R EZTUET 5 RN S TR S
iz, £ 7 = UG PRIEMEIER S ER 2 /T 2 TRetE b s &ivfz, L
7ol o T, 28TV T O 1 Hi L Rk, 7 = RO TR RIL, R A TTIES
FAERH], & SIEHILIC L 2 H DO Th D ATREI R ST,

LLE, 5181 & 2810~ 7 ZEETB L ONFIEE V72 7 = ko £ BRESRE D8R
PIFRRTIC K0 | 7 = R IR A2 2 TTHE U RIECHREMER L & Bl 32 = & O
TR A B S D AR R ShTe, MERERIR RIS I 1T DR 97 Ui, IR FRIRREIC &
DEEE R OB RIEF LN G L T D AREMER S D LB X BND T AFETIE
7 T RIS BRI L TR AR B £ 72 0 D D RTREMED R ST,

28



52 KEIRRIEEEN T v b OFFENGENC WL T RGO
—fPliEs K OVE RS 2 F O T -

1. 5

EARDOEREFIRAEIZ, COPD 72 EOFFRGRAIZL VISR I S b, KRFIKE
T, FFROFE O A2 59 MM, O, B, B, TR Shk 4 2l ToRH
FALRRIENFHFESIND Z N> THY (Majmundar et al. 2010), COPD EF
D ITRE LIRS B> T 5 LEZDBND, ZHET, B FT v hEaHWHBRIZE
W, @i EOREERERE FCIIMEORIANE E S Z ERHEIN TS (Kelly et
al. 2010; Brooks et al. 1991; Freminet 1981), F7-, [KBFRREE L~V ALT v b
TG Y 2 =7 BB 5 L 0mELH L Z L (Katsumata et al. 1984;
Freminet 1981; Purshottam et al. 1977; Ou 1974; Blume and Pace 1967) , {KF2EER
B FCOMBEDHERHZIZ IR U 2 — 7V ONMRNEE CTH L LRI, —FH T,
F 1B T, 7 = RG34 A TCHE S 5 ATRENE & SE A M9~ 5 ATREME D R S
el b, 7 UG ARIERIZ L0 A U D RIS RIE 2 32 2 & 2381
Shd,

% ZCARBETIL BHRIEE 10.5% T 2 R OEKBRIREZIT->727 v FOMIEE v 7
A 2 O T ARER SRR R R OFEE R O ZALITK T 5 7 = Ui 5 OB OV TR
AT LEEANE L,

7 v MUERRRFRRE 21T O ICHTY |, MBRECRHZR EORMFRETELETH D,
R IR 27 D% < ITMaZ Wb D Th Y | FEBREW 2 W @S 1T 720,
T I T, AETE, O ROWERIZRNTZHmEOFTTHL LAV LN TN DORMAET
H Y. moderate 7o L VO TV D ERHAIE 10.5% & L7z (Cahan et al. 1990),
Hochachka 5%, {KEEFR T3 2 @GOG 2 HilH 3 2 B a TR B OLE T, BERZ
%, %80 WLIRICA T % LA L TW% (Hochachka et al. 1996), L7=23-> T, &K
WFPECITRER IR L & 10.5% I T S kimn b 90 M OEEERREZITH> 2L & L
7o
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2. ik
2.1 EBREWE TS m ha—u

8 s DM Sprague-Dawley 7 >~ k (SD 7 v b) ZHAF v —/L &« Jx— ()
LA LT, 7 v M, SERE 2322°C, 12 BEFBRF 1 2 L (1] 8:00~20 K,
1 20:00~8:00) DEREEFICT, T AF v 7 r—V THEBIEE Liz, HIRO EFEEE
Bt (CRF-1: HAF ¥ —/L A « UN— (BF)) 12T 1AM PREE Lok, SREOKE
NELL 725 K912, HEedE#f (Normoxia: Control) ., 7 = U E#5-#f (Normoxia +
Citric acid) ., {KF2FE#E (Hypoxia) ., {KEEFE+7 = @it G-8#f (Hypoxia + Citric aid)
DAFEI T (n=17), —BER%. BEHLG 30 RN AR KEIT Y = VBEIK
Y UTICTENES Ui (REEREE  RFK, 7 = VG RE . 7 = U FRYRIR, (K
SERE  ARROK AREE R+ = U R 7 T UBRIRIR) o FRFRIREE 1T, REAREE 21.0%.
IREARRE 10.5% & Uiz, IKERHERES L ORISR+ = I G EEIE, MREE 21.0%.
17.5%. 15.0%. 10.5%FFIZPFERE A HHIZ KV HIE Lz, 7 = VBRI, 7 v ho
RE 300 g H7= 0 7 = 200 mg & 705 K O IR K TAIR L7z (7 = % 200 mg/3
mL/300 g body weight), BREEEBA4E 30 43 T 21.0%2>5 10.5% % CHAHEREE L Fif. <
D% 90 sy MMKELFREE U, WREREIAG 2 PR, 1 Y 70T BRI I TIE KBRS 5
MK A 157, MKz im0 E (1,900X g 104y) L. £RE L7 8358 £ ¢-30CIc
THHIRAT LTz, fEIREICIL, T, & 7 Afaft L, EE2 e Lz, il KO
b7 AFHO—IE, 134 0.5 ecm LA FIZA v h LIEHIZ RNAlater (77 (BR)) (2
RIE L, ¥ RNA it % CT-80CTHRIE LT, &Y OfFlfE L Ot 7 A 0/ 12k
EFRTHRE S, -30°CTHRIF LT,

ARFFEIE. WL R ERB G E B S OKR A% KFRE S 14-03) . B)
YR B BLRLE (S RE T2 L 72

2.2 MikAAL 00T
2.2.1 A7 = IR OHIE

MmAE7 = PR EOREIL, 1% 5 1H 2.3.1 LREKICIT- 72,

2.2.2 I kEE & i T LER il o ) E
MR L O LB E X, 5 13 45 160 2.3.2 L RIEEICHIE L,
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2.2.3 IMHELEERE NI O W E
M BEEEEENR R IT, NEFAC-7 A b U 22— (FEhEE T3 (%)) 2 W TRlE L7z,

2.3 Il v 7 A7) a—4 L E&OHIE
gk L O Z A7) a—F U0 BiX, 13 6 28 2.4 ERERICHIE LT,

2.4 fiflfd L0 7 A OB s FEBL AT
2.4.1 total RNA Dl

JTliE D total RNA Ofifitix, 2 1 % 5 2 i 2.2.1 L [AERIZIT o7, B 7 AHHd total
RNA I+, fifli52 RNAlater (2124 L-80°C AR L THW-t T A %) 25 mg
% F\ T, RNeasy Fibrous Tissue Mini Kit (%7 7> (#) ) (2 & 0 filif L 7=, total RNA
DOREEVE, 53 EEEEHT 260 nm/280 nm D EEAY 1.8~2.0 DFEFHIZINE > TV H Z &%
B L7,

2.4.2 WG )G (complementary DNA (cDNA) DAk)

Wil B R 21T PrimeSeript® RT reagent Kit (Perfect Real Time) (¥ 5 7 /34 74
(BR)) ZHWi-, WisE KIS KRIE. 5 X PrimeScript Buffer (for Real Time) .
PrimeScript RT Enzyme Mix I | Oligo dT Primer, Random 6 mers, total RNA 800
ng M L. RNase Free dH20 Z /I x . Hf&ikE% 20l & L7c, R4 7y A
¥ F 2~—2% BSR-MK2000-2E (/XA F AT 4 IAHA 22 () 2T, 37C
T 1547, 85CT 5 MG S cDNA#EZ1F72, cDNA #EITHEER £ T-80C THRIF L

7o

2.4.3 U7 /VH A 5 PCRIZ & 28515 BLE AT
mRNA 3 8l & O #l] & (21X realtime reverse transcription-polymerase chain
reaction (RT-PCR) k% MW7z, KISIZiE, PowerSYBR Green PCR Master Mix
(Applied biosystems) % AV, HIEBIs T D forward 35 KXW reverse 77 A ~— D
FEIREEIX 100 nM 12725 X 912 Lz, ISICHWZ cDNA X 10 ng & 725 £ 9 IZFRH
L7z, PCR &plfgui#toEfRLE Applied Biosystems 7500 real-time PCR system
(Applied biosystems) % HW\TIT->72, i, stage1: 95C 10 57, stage 2:95C
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15 T DNA ZZ&MESH, 60C, 153 Tr=—U7  -fHEZ 1171, 40 W
A7 NVOS ST %, MR A ER L, DA MTHD Z L 2l Lo, £
FORBLEIL AACT E% W CHEMEE T (housekeeping Bin 1) 2k 5 HBL&E
%K ®7-, Housekeeping i#{n1IZ1% Practin & 7=, FFl&Y >~ 7 VicERH LI-7Z
A~—0O—%X Table 1, e 7 AFHH U TNVHEH LT 7 A4 ~—D—% L, Table 2
R L7z,

25 VEAZ T Hy MIEDMEB LU 7 AHo HIF-1a OHIE
2.5.1 i Z 7 HOfhHE L OE

fTligids L O e 7 At ofe s 37 BofiHIiZiE, 3-min Total Protein Extraction
Kit (for Animal Tissues) (= ZAE/NA A (BK)) 2z, -30°CIZ THEIRIF L TV
-l L O 7 A% 15~20 mg i L=, IO S X7 HiRE X, Pierce
BCA Protein Assay Kit (Thermo Scientific) % HWCHH L7z,

2.5.2 EXUKE (sodium dodecyl sulfate - poly-acrylamide gel electrophoresis,
SDS-PAGE)
2.5.1 CTHIH L7=# ¥ > /X7 &%, Red Loading buffer Pack (BioLabs) % f\ T 95C,
SFELL . SDSE TR 21T~ 72, X X7 E O EIE, K 30 ug, & 7 A 15 ug
ERDBEDITTTTIAL, SN 1HTZY 20 mA T 60 pHEXIKEZITo7, R
TIYVNT I RTME A=y TN — R 7.5% 17 well (Fot (BR)) % iz,
KBSy 77—, skEVHRRER (X 10) (FOEMEBETEE (%K) MW,

253 BREBLINTryF T
BLRUKEE TH, AP A7 L (poly vinylidene difluoride, PVDF)
(Melck Millipore Corp.) (Z#Hz5E L7= (117 mA. 30 73), #85 /Ny 7 7 —IZi%. EzBlot
(7 b= (BR) AW, 5%, gD 73 5% A ¥ A 12 (0.1% Tween-TBS
WZC8MR) . & 7 AT 7 E 3% BSA (0.1% Tween-TBS (2 TIfE) ) KT, =
BT 1IRRIRE L, 7nyXx o 7 a2iTo7,
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2.5.4 PURHLARBIES

Ty Xx %, 0.1% Tween-TBS TS P L7z, —RPLIKIL B-actin (rabbit
polyclonal antibody, Cell Signaling Inc.) & HIF-1a (rabbit monoclonal antibody, GeneTex
Inc.). —KHUKIZ anti-rabbit IgG, HRP-linked antibody (Cell Signaling Inc.) %
Wio, —IRPURIE, B 7 1% 5% BSA  (0.1% Tween TBS TAHR) . & 7 A Fit
Y7 ViE 1% BSA  (0.1% Tween-TBS THHR) TLH L 1000 EAIR L, 4CT—Hh
R Lz, —IRPURSUEH 1% Tween-TBS T 3 [AIWEH L 72 (5 43 X 1 [A], 10 43 X 2 [A]),
TWPURIE, WA S b 5% AF LI (0.1% Tween-TBS (2 CTHAF) T 2000 fi%
ARL, |IET1REIRE Lo, —IRPUARISER & ARSI LTz, 2%, 1 L)
2B —E—42 (Ft (BR)) ZEBHICH)HT T b bR s E. C-DiGit (=4a=x
AT ) VAT AR (BK)) T 12 0k L, Bractin (Zx19 2 HIF-1a OFEGEDHE
xR L,

2.6 #at

T H A COPHE S AERERRE TR L, 7 VR LMK RIRE ORI OV T,
U T PR AR R OZ AR & R & D T onEE S BT & FEME Lo, E72,
CIELE D BT DR R AEAEANEE TH o AT, Tukey D% ELIKRIRE %
FEhiL7-, P<0.05 D, HEEHV & LT,
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Table 1. Gene names, gene symbols, and primer sequences used in the real-time PCR of liver samples

Gene name

Gene symbol

Forward Primer (5'-3")

Reverse Primer (5'-3")

Glucose uptake

Solute carrier family 2 (facilitated
glucose transporter), member 1
(Slc2a1)

Solute carrier family 2 (facilitated
glucose transporter), member 2
(Slc2a2)

Glycolysis
Glucokinase
Phosphofructokinase
Pyruvate kinase

Pyruvate dehydrogenase kinase,
isozyme 1

Lactate dehydrogenase A

Glycogen metabolism
Glycogen synthase 2
Glycogen phosphorylase

Gluconeogenesis
Phosphoenolpyruvate carboxykinase 1

Glucose-6-phosphatase

GLUTI

GLUT2

Gek
Prkl
Pklr

Pdk1

Ldha

Gys2
Pygl

Pek1
G6pe

GACCCTGCATCTGATTGGTCTG

TTGGTGCCATCAACATGATCTTC

AGTATGACCGGATGGTGGATGAA
CCACCTGGAGGCCATTGATGA
ATCTGGGCAGATGATGTGGA

AGAATGCGAGACGGCTTTGTG

CTGATGAGCTTGCCCTTGTTGA

CATGAATGGCAGGCTGGAAC
GATCCGCACACAGCAGCACTA

CAGCCAATGTCCCATTATTGACC
TTAGAGGCAAAGGAGCCCAAG

CCACAATGAACCATGGAATAGGA

AGATGGCCGTCATGCTCACATA

CCAGCTTAAGCAGCACAAGTCGTA
GGGATGACGCACATGACGA
ATAGGGTGTAACTGGGTCAGAATGG

ACGCCTTTGTCTGCATGGTG

CGGTGATAATGACCAGCTTGGA

GCTCCATGCAGTAGCGGTGA
CTTCGTCGCAGGCATTCTGTAA

TGCCAGCTGAGAGCTTCGTAGA
GGGTGGAAACACAGGCATCA
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Table 2. Gene names, gene symbols, and primer sequences used in the real-time PCR of soleus muscle samples

Gene name Gene symbol Forward Primer (5'-3") Reverse Primer (5'-3")

Glucose uptake

Solute carrier family 4 (facilitated

glucose transporter), member 4 (SleZa4) GLUT4 CTCCAACTGGACCTGTAACTTCATC GCCTCTGGTTTCAGGCACTC

Glycolysis
Hexokinase 1 Hk1 ATTGTCGCCGTGGTGAATGA TAGCAAGCATTGGTGCCTGTG
Hexokinase 2 Hk2 TCGATGGCTCCGTCTACAAGAA ACATCACAGTCGGGCACCAG
Phosphofructokinase Ptkm GGGCTGACACAGCACTGAACA GGCCAGATAGCCACAGTAACCAC
Pyruvate kinase Pkm TGTTTAGCAGCAGCTTTGATAGTTC GCGTGTCACAGCAATGATAGGAG
ZZSZ deliydrogenase kinase Piki  AGAATGCGAGACGGCTTTGTG ACGCCTTTGTCTGCATGGTG
Lactate dehydrogenase A Ldha CTGATGAGCTTGCCCTTGTTGA CGGTGATAATGACCAGCTTGGA
Glycogen metabolism
Glycogen synthase 1 Gysl TCAGAGCAAAGCACGAATCCAG AACTCATAGCGTCCAGCGATAAAGA
Glycogen phosphorylase Pyegm TCCGCACACAGCAGCATTACTAC TCCAAGGCCAGGTTCACCA
Gluconeogenesis
Phosphoenolpyruvate carboxykinase 1 Pck1 CAGCCAATGTCCCATTATTGACC TGCCAGCTGAGAGCTTCGTAGA
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3. MR
3.1 PRI EL

KRR BEED T v N O % Fig. 2-1 1R L2, (REESERED 1 &5 7- 0 O
Bk, (KEERREERTOBRFERE 21.0% TliX 965 A, 17.5% T 11410 [A], 15.0% T
1198 [A], 10.5% T 1687 [HITH V. 21.0%HFDOIE S & b LT, 15.0%. 10.5%
REDOMERENIA RIS Do T, KERFE+7 = VRGO 1 0720 oML, K
A RIR R E T OMEFIRE 21.0% CTlX 935 B, 17.5% T 111+9 [Fl, 15.0% T 130+13
[, 10.5%T 1626 [ATHh V| 21.0%KFDOFERE & bl LT, 15.0%., 10.5%FF DI
BITABEIC S ol KRR & ARBEE+ 7 = B GRFICIE. PPREBICH B2 21T
5V WA/ SV

3.2 MAEs = R

MHE 7 = RS T . F SR 3.010.1 mg/dL., 7 = % 58 4.6+0.2 mg/dL,
KRR 3.60.1 mg/dL AKEEH+7 = L # 54 5.00.2 mg/dL 72 - 7= (Fig. 2-2 (a)) .
TICELE AN ORGSR, ZREAERIIAE IR, 7 UG L KRR ERTE O 15
EREE THoT,

3.3 MBS & i Pl

MBI, HEEERE 139+7 mg/dL, 7 — 4 51 145+8 mg/dL, (KFE#HERE 136
+6 mg/dL, KEgE+7 =~ #1501 7 me/dL T, ol E SO OFE R, 7
T UG EARERSRIRE O AAERB LOERITE O v hroTe (Fig. 2-2 B),
MmAFLEEEIL, FEEHER 2.020.1 mM, 7 =GR 1.840.1 mM, (KEEFER 1.4
+0.1 mM, [KfgHE+7 = B 58 1.320.1mM Tho7= (Fig. 2-2 (), —ThlES
BT ORE R, ZEERITAETIE R KBRREO ENRBAFETH o7,

3.4 ML AFEBFRIENE I I i P

MEREEERR AR L 13, W EERAE 0.7520.05 mEq/L, 7 = Ve 58 0.68+0.05
mEq/L, {K#25%# 0.7020.05 mEq/L, {KfEFE+7 = Wi 58 0.562120.04 mEq/L Th
o7 (Fig.2-3), “IolED O ORER, ZEEMITAE TR, 7o mikh L
RREEREO TRV AE TH T,
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3.5 e eI A7y a—r &

g7V 2 —4 sk, WMER 100 g b7V, WEEHER 424164 mg, 7 = BHE
58t 55.917.5 mg, KFEFERE 26.6=5.1 mg, KEH#H+7 =B GH 47.2+510.1 mg
Thotz (Fig. 2-4 (a), “TRLESHIIT O, ZEFEMIIAETIIR, 72
MG OFENEETHY g7 ) a—F v Bid s 2 Uk HIc L 0 ind 5 &
DRENTZ, T AP 7Y a—F &T BER 100g H72 Y  HEEFRE 8.420.4 mg,
7 T UWEEEGRE 8.6+10.3 mg., {KEAFERE 8.910.4 mg, [KIEFH+7 = K58 9.6+0.4
mg Th -7z (Fig. 2-4 (b)), —TREDBTORK, ZHEFEMFIAETITRL, 7
T UM G-F X OMREBRRIREE O ER G AL N7,

3.6 JIT DAL 138 B BT
3.6.1 FEHUAA & ARERICE D 2 s T HE Bl

BEEUA A BH4> % glucose transporter 1 (GLUT) . glucose transporter 2 (GLUT2)
DO s FHRBL % Fig. 2-5 1R L, GLUT1 IXEREFHE+7 — e G/E > (RERHETE >
U T UWERGRE > WIBEROIRICEE L R L, ZnhlE o Bt OfE R, 2 AEH
WHETH o7z, Tukey DL HEMLBMIE DK R, GLUTI DB TIEBLLIT, (RN
PHIRFRE L B L CRRICR < RiRR+7 = VB GO 3L i L THE
e A~ Uiz, GLUT2 % GLUTI &Rk, (REgR+7 — i 53 > ([KEeRE >
7 T U GRE > HBRRFEOIRICEMAE R Lc, ol BSOS, ZZHEAEH
IH NIRRT, 72U BRGOTENRPAE TH o7,

fifehil A D ALEEESE T 5 glucokinase (Gek) . phosphofructokinase (Pfkl) | pyruvate
kinase (Pklr) OB 3Bk % Fig. 2-6 |~ L7z, Gek & Pfkllx, KEEFH+7 =
WP G > IRIRERE > 7 = UG > WA OIS EZ R LT, Gek & Prkl

D IR E ST ORER, ZEERIIAE TIE AR RBRAREO ERPAETH
o 7=, Pklr . pyruvate dehydrogenase kinase, isozyme 1 ( Pdkl) . lactate
dehydrogenese A (Ldha) OB T-RELLIT, ZIohlE BT ORE. ZAEEMAS
FOFERICEEREZA LN 2o T2, (Fig. 2°6),
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3.6.2 7'V a—7 AGHIZE D 5B H &

frlgo 77U =2 — 47 R > 5 glycogen synthase 2 (Gys2) & glycogen
phosphorylase (Pygl) O&fn#Bitb% Fig. 2-7T 1Lz, 7V a—7  5f#ERT
o5 Gys2 DBAGFIHIL, RERFH+7 = Ui e > (KRB > 7 = VKGR >
WA OIS Z R Lc, InlES o O R, ZAEEITAE TR < K
BRARREE D TRV AE TH Y | KMFEIRZEICL Y Gys2 DB RIULRmEDL Z &
WRSNTz, 7V a—bF ot Th b Pygl OBIRTHEIL, KEEFE+T = @ik
it > 7 = U GRE > (RERREE > HIRBEHOIAICSEZ R Lic, ook ES By
BrofER, ZEERITAEBTERL, 72V BEGOFEHIRNEETHY, 7= UBRO
BGIZ XY Pygl OB FRELLDEED T RS NT,

3.6.3 BFEHTEICBID 2B 1T

B #4212 B 9 5 phosphoenolpyruvate carboxykinase 1 (Pckl) & glucose-6-
phosphatase (G6pc) Ditfs 3Btk % Fig. 2-8 ITx Lz, Pekl OEGRBLII
Kie S+ = R GAF > (RERARE > WA > 7 = U GREOIRICHMEEZ R L
7o ZICBLED BT OFR, ZEAEMIAETIER L KRFREO TORPAET
o lz, G6pe DEARFETLLIE, “JuhLE S T ORE R ZAAEA A E TH Y | Tukey
DL BILBIEDFER, ARRFE+T = VIR GO Gépe DRURT-HBUIT, 7 =ik
BEFELEBERLIVOARICHE TH T,

3.7 & T A OBIG T HELEAHT
3.7.1 BEBUA A & FRBERICB D 2 s T B
PEBUAAIZES> 5 glucose transporter 4 (GLUTY) OE{s-RBLLIX, —Iohl@E sy
BT OFEFR, ZAEERITIARE TR, 7= Ui b3 X OMKER SRR O 5 S
Lo, (Fig. 2-9) ., bR OAHEEE TH 2 hexokinase 1 (HkI) . hexokinase
2 (Hk2) . phosphofructokinase (Pfkm) Oz - HBLILIT, el E /BT DR R,
RAEERETAETIERL, 7 2 VBEGB LOMRBREZEO TR L AR o7z,
(Fig. 2-10), Pyruvate kinase (Pkm) O&ErFHBLLIL, ZICALE /7 7T OfG 5.
ZHAEMDPAE Th -7z, Tukey DL HHLEHREDRER. 7 VW GRENEHERTE L
g L TARICRME A R Lic, — T, Kg#E+7 = UG TIE. 7 = B GH
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LIV BABICEMETH Y, HEFERE L OMICIIAERETALNZRD 2Tz, Pyruvate
dehydrogenase kinasel (Pdkl). lactate dehydrogenase A (Ldha) Oi&fs 73t
T, SR ES BT OMR, ZEEMIIAETIIRL, 7= Uik b L OMRmHER
BOFMRL A LN -T2, (Fig. 2-10),

3.7.2 7V a—=r RN 5 BIn F B E
7 a—27 U ARGEHZES P D glycogen synthase 1 (Gysl) & glycogen phosphorylase
(Pygm) OiEfn17#Blk% Fig. 2-11 1R L1z, Gysl DEnFREIT, —ohl@E sy
BT ORER ., ZEAEMIAE TIE R 7 = Uik b3 JOMKRREREE O TR b 2
LIV oTo, Pygm OB 3BT, Zooll@E o o irofE R, ZE/EANREET
&Y, Tukey DL EIHEMRIEDFER, 7 = VB GHED Prgm OBRFHBLITHE
SEHEL I L THRICIREZ R LT,

3.7.3 BEHTAIZ B 2 AR T L&

B 412> 5 phosphoenolpyruvate carboxykinasel (Pekl) OiEisf %
Fig. 2-12 1278 U7z, Pekl OB TR BT ARMESR+7 = Rk G#F > (RBERHE > 7
TR ERE > IR O EMEE R L, —onElE s BT ofE R, RE/ERX
BFETIERL ., BRAREO EDIRPEREE ST,

3.8 Ik F# 75 E K 1-1a (hypoxia inducible factor-1o, HIF-1a) &% > /X7 B 3HiLL
JFiETix, HIF-1a # o "7 B3 Eneho7c (F—ZIZidrLTnviawn), B
AfD HIF-1a % /37 EOMIRBIIL, HEFEL 1 & LR, 7 = U R 5
0.72+0.15, fKEEE/E 0.690.14, KEEFE+7 — U FEE 5D 0.9120.26 Th - 7= (Fig.
2-13), el ESBAHTORER ZEERITER TIER L EFR AL NRN T,
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Fig. 2-1 Respiratory rate during hypoxic exposure

This figure shows respiratory rate of rats at the 21.0%, 17.5%, 15.0%, and 10.5% O,. Data
are means = SE (n = 7). Double asterisks indicate significant difference between 21.0% and
10.5% in the Hypoxia group (" P < 0.01). Asterisk indicates significant difference between
21.0% and 15.0% in the Hypoxia group (P < 0.05). Double daggers indicate significant
difference 21.0% and 10.5% in the Hypoxia+Citric acid group (TTP < 0.01). Dagger indicates
significant difference 21.0% and 15.0% in the Hypoxia+Citric acid group (P < 0.05).
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(a) Plasma citric acid[]

Citric acid: <0.001
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(b) Blood glucose[]
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(c) Blood lactate[]

Citric acid: 0.058
Hypoxia: <0.001
Citric acid x Hypoxia: 0.64 [J

T

O Normoxia: Control
B Normoxia+Citric acid
O Hypoxia

B Hypoxia+Citric acid

Fig. 2-2 The levels of (a) plasma citric acid, (b) blood glucose, (c) blood lactate

This figure shows plasma citric acid, blood glucose, and blood lactate levels in rats after

hypoxic exposure for 2 hours. Data are means = SE (n = 7). Statistical significance determined

by two-way ANOVA is shown in the boxes.
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Citric acid: 0.027
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Fig. 2-3 Plasma free fatty acid levels
This figure shows plasma free fatty acid levels in rats after hypoxic exposure for 2 hours.
Data are means + SE (n = 7). Statistical significance determined by two-way ANOVA is shown

in the box.
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(a) Liver

Citric acid: 0.037
Hypoxia: 0.13
Citric acid x Hypoxia: 0.65 []
O 704
5
Z 60
o
g 50 -4
2 1
= 40
D
3
= 30 1
o
S 20
=
Qo
10 +
0

Glycogen level (mg/100g soleus muscle)

12

10

(b) Soleus muscle[]

Citric acid: 0.23
Hypoxia: 0.053

Citric acid x Hypoxia: 0.51 [}

Fig. 2-4 The levels of (a) liver glycogen, (b) soleus muscle glycogen

O Normoxia: Control
Normoxia+Citric acid
O Hypoxia

B Hypoxia+Citric acid

This figure shows liver and soleus muscle glycogen levels in rats after hypoxic exposure for

2 hours. Data are means + SE (n = 7). Statistical significance determined by two-way ANOVA

1s shown in the boxes.
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Fig. 2-5 Glucose transporter 1 (GLUTI) and glucose transporter 2 (GLUT2) mRNA
expression levels in the liver

This figure shows relative mRNA expression levels of glucose uptake-related genes in the
liver of rats after hypoxic exposure for 2 hours. Data are means + SE (n = 7). Statistical
significance determined by two-way ANOVA is shown in the boxes. Means without a common

letter are significantly different by Tukey’s test (P < 0.05).
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Gek[dJ Pl Pklr[J

Citric acid: 0.15 Citric acid: 0.061 Citric acid: 0.14
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Fig. 2-6 Glucokinase (Gck), phosphofructokinase (Pfkl), pyruvate kinase (Pklr), pyruvate
dehydrogenase kinase (Pdkl), and lactate dehydrogenase A (Ldha) mRNA expression levels
in the liver

This figure shows relative mRNA expression levels of glycolysis-related genes in the liver
of rats after hypoxic exposure for 2 hours. Data are means = SE (n = 7). Statistical significance

determined by two-way ANOVA is shown in the boxes.
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Fig. 2-7 Glycogen synthase 2 (Gys2) and glycogen phosphorylase (Pygl) mRNA expression

levels in the liver

This figure shows relative mRNA expression levels of glycogen metabolism-related genes

in the liver of rats after hypoxic exposure for 2 hours. Data are means + SE (n = 7). Statistical

significance determined by two-way ANOVA is shown in the boxes.
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Fig. 2-8 Phosphoenolpyruvate carboxykinase 1 (Pckl) and glucose-6-phosphatase (G6pc)
mRNA expression levels in the liver

This figure shows relative mRNA expression levels of gluconeogenesis-related genes in the
liver of rats after hypoxic exposure for 2 hours. Data are means + SE (n = 7). Statistical
significance determined by two-way ANOVA is shown in the boxes. Means without a common

letter are significantly different by Tukey’s test (P < 0.05).
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Fig. 2-9 Glucose transporter 4 (GLUT4) mRNA expression levels in the soleus muscle
This figure shows relative mRNA expression levels of glucose uptake-related genes in the
soleus muscle of rats after hypoxic exposure for 2 hours. Data are means = SE (n = 7).

Statistical significance determined by two-way ANOVA is shown in the box.
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Hk1O Hk2O Pfkm [T
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Fig. 2-10 Hexokinase 1 (HkI), hexokinase 2 (Hk2), phosphofructokinase (Pfkm), pyruvate
kinase (Pkm), pyruvate dehydrogenase 1 (Pdkl), and lactate dehydrogenase A (Ldha)
mRNA expression levels in the soleus muscle

This figure shows relative mRNA expression levels of glycolysis-related genes in the soleus
muscle of rats after hypoxic exposure for 2 hours. Data are means = SE (n = 7). Statistical
significance determined by two-way ANOVA is shown in the boxes. Means without a common

letter are significantly different by Tukey’s test (P < 0.05).
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Fig. 2-11 Glycogen synthase 1 (GysI) and glycogen phosphorylase (Pygm) mRNA
expression levels in the soleus muscle

This figure shows relative mRNA expression levels of glycogen metabolism-related genes
in the soleus muscle of rats after hypoxic exposure for 2 hours. Data are means + SE (n = 7).
Statistical significance determined by two-way ANOVA is shown in the boxes. Means without a

common letter are significantly different by Tukey’s test (P < 0.05).
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Fig. 2-12 Phosphoenolpyruvate carboxykinase 1 (Pckl) mRNA expression levels in the

soleus muscle

This figure shows relative mRNA expression levels of gluconeogenesis-related genes in the
soleus muscle of rats after hypoxic exposure for 2 hours. Data are means = SE (n = 7).

Statistical significance determined by two-way ANOVA is shown in the box.
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Fig. 2-13 Hypoxia inducible factor-1 alpha (HIF-10) protein relative expression levels in
the soleus muscle

This figure shows relative HIF-1a protein expression levels in the soleus muscle of rats after
hypoxic exposure for 2 hours. Data are means + SE (n = 7). Statistical significance determined

by two-way ANOVA is shown in the box.
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4. HE

ARETIL, 7 v POMHE L Ot 7 A fh & FV CIREE R IRE R OFFE R o Z2{bicxt
T 57 T UG DB OV TG LT,

KA FBEHE Cl. glucose transporter 1 (GLUTI) O&fnf3 o EHIZX | b
BOA B 2 2N U+ %5 (McClain et al. 2013; Kelly et al. 2010; Brooks et al.
1991), AFEICEBWTH, kO GLUTI OEfETHEUIKBEHEREZE I L 0 FEIC EH
LTz, GLUTL I3RMERICHR B < HBL T D7, IFIHPICERE L TR
RO GLUTI PRS- mlREME S B D, L72dd> T, Bl 21T > 7= fFlif < O i
RNBBETH D, £lo, GLUT2 D@5 FRHB G RBEFIRE I LV AR LA L Tn,
KRBT LD GLUT2 DREZTHBLO EFIZ BUED & ZAAXFHHITB W TOH
WEINTWDZ EMND (Terova et al. 2009) . AWFEICIS T 5 gD GLUT2 DEs
FHBO LFHIT, WHEICBW D TORETH D, LI > T, RBFFEOREEHE S
fE T T HBEBUAZ DN TTHET 2 WREMED R S L7,

IREERIRTRIC L 0 | ikl R DHEHEEE S T 5 5 hexokinase (Hk) . phosphofructokinase

(Pfk) . pyruvate kinase (Pk) OBInTHEN EH3 5 2 &3z W -aF5Eic T
WS TS (Semenza 2012), fEFERO LT, (KEERRERHIIHDT 25 b=
¥ RUTNO TCA RIS B -t EFInZERIZE D ATP EAZH O 72O DEE R
JIETh D, REICBWTS, ([KERRIREEIC L VRO Gek 38 XY Pkl OEZFH B
FEICESF U, (RERREIC L0 RN TS 5 et R Shviz, — T RIS
DIRFR R G CIINFR D Pklr OBAZFREBUIZCET. 7 v b &Ml TR 5K
FINE LR T ZENP LN o7,

A S R R IRF O Bl GA 2O 53 12 B 1o 2 SR DR TR BLOZ I, (KB R 5 E K
¥-1a (hypoxia inducible factor-la, HIF-1a) (Z LV Hfl ST\ %, F72, HIF-1a
(THEBUA AR R 2 TS 5 L [FIREIC, S b2 KU TN CTORRER ) b2 ol
T5Z L HHESIN TS (Majmundar et al. 2010), 2O DHENS, KETHD
NIAKERFRTEIC L D GLUT1, GLUT2 35X O Gek, Pkl DG 1T-3BLO EFHI1
HIF-1la OZEIZERT L b0 L LS, £2 T, VZAZ 7 ry MEIZ
HTlo> HIF-o 7 > /87 B2 RE LIS, B Shgio7c, HIF-la DX /87 E D%
EALIZBIT % invivo TORFHID Wb DD, HIF-1o0 D% 237 BEHBUZ OV TR~
PRl AR TR L7 S ik, BRRIRE 10% C2 MEAE L7277 v b, I, A, B K
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BTl HIF-lo A& S z03, fFig & DIigClidg it &g i 72 (Bianciardi et al.
2006) , £ 7=, Stroka & (3 BEHIR L 6% T 1 R KEE R IREE L 72~ ¥ 2 O Tl HIF-1a
BN BRI SN DA, BERIRE 9%, 1 REH OKEERRTE T3t S LW
L THY (Strokaetal 2001) . AMFIE L FEEDOKER TH -T2,

{ECHA FENG 2 IR (VI ORI 23 70 LR MAE & 70 5 2 & MR E SN 525 2 OfKiflE %
By STeOTIINFR T o 7Y a—7 o AN ERE R EEZ R L TnD 2 en
HESNTND (Lewis et al. 1942), BEFHRIRE 5% T 30 /rMHEMHIRE L72F v O
JHg 2 U 22— B AT%IRAD LTz & 5 iR, 3800m T 30 HEfME Lz~ v
ADFNRZ Y 2 —7 'K 50% Lk ot b &5 (Freminet 19815 Blume
and Pace 1967), AF TiL, KFEFREFEIC LV MBEEIIMKT Lo To, Z O, K
BRRBEONTIR Y ) 2 — 7 v &I BB L IR L TARBEITZA DR T2 b DD
37% W LTz (P=0.13), & HIZ, #EFAEDOAEEESE TH 5 phosphoenolpyruvate
carboxykinasel (Pckl) DEGE T RIUTMKMAFERTIC LV AZICEF L2 &
5. g7 V) a—77 o D4R &AL X O RIS I S iz S HEER S D,

R X 9T, ARETITHER AEDOHEEEEHE TH D Pekl DR T-IEBUTNTR TR IR
FVAEICER L TR D | RER IR TR & RO E 2 T S E 5 Z & AVR S
Niz, ZOWE, (KEERIREREO M P ILEREIX, WEEERE L i L CRRICKEE R LT
Wz, Bk, KEEFEREBRIIMF OIS LE T SN TE T, —H T, o7
o U 2 KEREEESE  (prolyl hydroxylase, PHD) % / v 7 7 v b L7 KBRS ZIE AL
~ AT, 2V BIEOEMERIZ &0 i~ D3R O BUAZ 2N JUHE U 1 FLERE 23K
TT25EWMEINTWD (Suharaetal. 2015), L7=23-> T, KETOREERRETEIC L
2 ML FFEE O NI F A DEE L LTRSS ZZ LItk EB2 615,

PHD OAREMEIZE Y Pckl BN EFT2Z E1FHESN TS0 (Suhara et al.
2015) . HIF-la OLED Pekl Z# EHSHEL 2 LITME SN TWARWI Enb,
HIF-la OZEDFHTIE Pekl B EFR LI A= XL %FAT 25 2 L1 TEX R0, —
75, Lewis &%, {KEERIRE TIXRICBESS ERT A3, O RIEREIB RE I
L2 TH D LR TS (Lewis et al. 1942), L7=23- T, AWFIEDIKEEFEIRER
2 K DR AEO UL, HIF-1a OZEIC K 25820 TR ARBBREICLDLT R
LU UAWTTEDRETH D AREE S B2 biLd,

o, RETIE, KEERREZE LT v FOFEERBOLICHT 27 = k5 D
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BIZOWTHMF L7, 8 1 B TIE 7 =BG X0 MAEEAAEIC B L Tunizss,
RECTILI = UG LD MBEHO ERIZA LR o7, ZOREIE, 8 1 ETIE
T RIS IR TR 5% 80 43 THAML L7 DI L, AR CIIREE R R 2 Fhi L7729

7 T BRI 5% 2 BERPE CORMPE 272 2 EBNFRINTH B LR SN D, FFEOfR
PERDOBIEFRIUINTE, 7 VBRI DAERETA LN o T, —F
T, GLUT1 DB HBUL KB FEIRE & 7 = VB GICL R EEABERETH Y,

7 T UG DMK EIRBIC L DREBOAA D EHE S SICED TV D AREENAREN
7

B AW TIE, 7 = UG K DITFIR O Pekl 3 XU G6pe DR 3 BLOA
BREMMZZONT, F1E F2/HORR L —HL TV,

ARETIE, & 7 AF T HIRMRREIC L DR oL L 2kt 5 7 = gk
BB A BIATHEBLL LV THRE Lo, FFIRCIE, IR RRTR S LU0 — Uk 512
K0 B BRI BB AR T AL LTS, B T A CIHKIMBBERTEIC LY Pekl
AREICEA LIZOA T, ZOMOERFHREUETA LN >, £7-. HIF-1la
DR GRS ERH L TE LT REOLMET TILE& I KRR RIRE O BB L ik
EZF Wi o Tz algetEmE 2z bivsd, — 5T, FERTAEOHREER Th 5 Pekl DiE
B RBUIKBEBRZ L VABIC LA L TR, IR COME L R TH o7, B
AV EICHTIR & B CHEI TS 5, BRI CTH D T A CIIREIETR Z DRV, B
i Pek 1N EUBEAMIGT 2720 OBEREEIZFOZ LB LNIIA T
% (Yangetal. 2009), X512, HHO Pck & L7~ A TlE, I b2 R
TN LA N EE D EWE SN TS (Hakimi et al. 2007), {KEERIRFEIC L D
b 7 A TO Pekl DB TFRIO ERHIZ, FEFEOEET L LToE L Bofinz
BMEE 2 Z LIV IKEEE T COMPEMOIKTZME L, £/, I har KU 7 &
MEEDZ LI L VKEEE F COZR VT —EAEDK FEMET 5 &5 2 b, KEEHR

DEJEIED 1O ThHDH EHEIND, 1 EIBNTL, 7= BRI B
D Pekl DA FHBNK 11.1 5 EF- LTV, KETIEZ 2o B5I12X 5
Pckl OBIRFREO LAITH 1.7 FThot, ZHUL, 3 1 ®TIE7 = U EEE S 30
SRR Z i Lo Dlokt U ARE L = Ul 5 2 BERPEZ ISR L2720 Th 5
EEZLND,

(KW FRIRER (2 & o T LB OB E RGBS TR BUTEAL N 2 DR - T L
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ELTEVEBMIZ= AL F—R# 2 2L S5 2 LI X 0 REER SIS T 5 D Tldie
VIEBNEEZMZ D Z LICKVEBRICHEISL T2 ER3E X bivd, KB, KEEH#
BREE L7277 v M, BEIRE 15.0%% TR DENOTEHN AL Y | BRARRE
10.5% TIEH AN E S TZMERML & Ie o7z, —J7 T RFIED X 5 7o B anffeFRIZ 4 ZH D
Mias Cld, (KBRS T 272D A2 B S e L g sh b,

RETIE, 7 v b~OIRBEREE L, TR COMERER &AL % RIS TIE S & 5 n]
REMENBIE FRELL L TRENT, — 5T, 72U BofRb5iX, KERAREICLIY L
F-L7c GLUT1 DB 584 & HIC EH SET-DOH T, OB HBUTITE BT A
Lo T,
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5. /INE

ARETIE, 7 v FOMEL KO 7 A f) & H TR ER S5 52 R O BB A O 2 izt
T 257 UG ORBIC OV TG L,

AP COME T, KMEFBFIC LY GLUTI, GLUT2, X1, Gek, Pkl O
I fIEHLN (2 B5 U REERIREE IS K 0 HEBOA A & fiEHE RS TUET D vIREME D R &
iz, EHIT, (KEERREEIC LR EOREERERE Th D Pekl DB TFHRINARIC
FHLULTERY, RERFEGEEIIET AL E ST 5 Z L0 RanTz, £70, KEEEREIC
KO M HBEAEGEICREZ R L TR Y | FLEAFEFTEDORE & U THIH S L7e Al EE
PEDIR ST, IRIBFRER T 5 7 = VG- O FBIZOWTIL, 7 = UG 0MK
MEFEFEIZ LD GLUTI O LH % I BIZEmOTEN, EOMOEEBIIA LN -T2,

t 7 A COMRFTTIE, KBEREICLY Pkl PABICEA LT-ORT, 7=
BHOEBIIALNT, REOSFEM T TlIe 7 A fHIENTFIE & Holg U CIRER B REE O 2
TN ERIRS T,

LX), AETIE, 7 v b~OIRFRFEREE L. JTHE T OREBUAZ IS L OREHER & b
B % FIRF IS U S 5 ATREME DS BIR FRBLL L TR ENT, —F T, 7 = Uik E
TEREE R IR LY LA L GLUTI DRI 3B A & B2 LR S0 AH T KERFE

BT D 7 R G ORMERAINE AR T Z LITTE R o T,
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3 KRR LU = UGS TCA BINAREHY & BT X ik
\_& iﬁ—ﬁ/&ﬂﬁ

il

1. &

F1ETIXY ZUBOREFTEMA D= AL ERL AL L.~ T ZADE L &
i VTR FRBLEDOE A MR LTz, ZO/RE. I ha FUTHO
B FRBLEICKREREMTIAONT KL 2 VA hay R T NICEEE
ST ATP PEAZTUET D AlREMEITIRWNZ E RSz, — T, 72U hic
L OB AENTOET 5 Z LAV SN, H 2 BT, RIERREICL D HBUAZ,
fENE R, BERTAENRIFRCTUHEST 5 Z ERBEFRBELL L TRENTE, 7 = UG
Rl RERERIC LV BA L7 GLUTI OG54 S b EH- SEDOAR T, oOEE
FRBUNIEEZ 52 o7z,

HH3ETIE, F 1 EBIOE 2 BBV Tl FRIL L~V TE LR R 2
ML~V THGET 2 2 & a2 Y& L, RBREREL L O = Uik by, (1) TCA [
BANOREHY, (2) BERMET I/ BICEX 22847 v holffEs Ay T LC-MS/MS
SR X VR L7z,
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2. ik
2.1 FEBREIYLT o ha—n
8 ks DM Sprague-Dawley 7 v FEHEA L, 5 2 B L FAROFMFTHE L7, &
HOKENFLIRD XD ICHBEFZRE (Normoxia: Control) . 7 = gz 5
( Normoxia+Citric acid) . & 3 ¥ (Hypoxia) . 1K F+ 7 = & ix 5 #*
(Hypoxia+Citric acid) @ 4 BEIZ/3F72 (n = 8), MFIREIT, &2 FLRERIC, &
MEFRHE 21.0%, IKEEERE 10.56%L Lz, 7 = UBRREGH 2 LR, 7 v FOKE
300g 7=V 200 mg/3 mL & L7z, BREERHAG 30 AR K L7137 = U BRIRi %2 >
CYTICTHNEE L, 2 ReHMERERRIRTR Lo, MERIRRICImik, PR, & 7 A fh 2
L7z, BRIMIZIE EDTA £08 2 Fv o, MigiiE H12@ 0508 (1,900X g, 10 43) L,
M E457-, M4EIE liquid chromatography-mass spectrometry, LC-MS/MS 34T % T
-80°C TIHIRERAF LTz, ATliEid L O T A3 504 & T-30°C TR ERAF L7,
AWFgEIE, K+ REERREMHEE R 2 OKR LG % OKkdEF 5 0 15-12) #)
W FE R A BB E (S HE WSS L 7=,

2.2 LC-MS/MS (2 & % TCA [N & BERIEY X/ koo f i iR EE 0 4347
2.2.1 Yo 7L

M4 50 L 12, A% /—/L 450 pL, 7 @ /b2 500 pL, Milli-Q 7k Z 200 pL jil %
7ot (BIRRERNT 5 Z LT L IRA L), w008 L7 (14,000X g, 10 43, 4C) .,
Z @ B3 450 uL 12 Milli-Q 7Kk 200 uL. Z M CTIRA L, =008 L7 (14,000X g 10
5y, 4°C), T OmORESR OEEIT A TOK ETIT- 72, BiE S50 uL &7 23> v b
7 3k (Merck Millipore Inc.) (2B L. =LA L7 (12,000X g, 60 77, 4C) 4. 1=
DEAER D High & — R C 70 4y [iim DIEfE L7z, > 7 /1ix LC-MS/MS #lIE % ©-80°C
TIRAT LTz, B 7V 00y B2 Milli-Q 7k 25 pL WV L IafiE L 7=+ 7L 15 L
(2 Milli-Q /K% 15 uL Il x, LC-MS/MS it L7z,

2.2.2 LC-MS/MS #:i& 5 L OVHIE 514
MmAEF OMRHEWIE., mEICITEE KK o~ k277 7 Nexera UHPLC/HPLC
System (& (FF)) %, E&IZIFX QTRAP®4500 ~ A7 A (AB Sciex) Z MV, Wifi

PE— K (positive/negative ion mode) THIFE L7z, 77 AlE, positive DHIEITIL,
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Intrada Amino Acid (100 mm X 2mm) (> %27 k (KK)). negative ®HIEIZI%.
Scherzo SM-C18 (50 mm X 2mm) (%27 b (#k)) #=fEH L7z, LC-MS/MS ®
HESM1X., Table 1 1273 L7=,

Table 1. The conditions of LC-MS for analysis of plasma

LC Conditions MS Conditions
Intrada Amino Acid ~ Scherzo SM-C18 Intrada Amino Acid  Scherzo SM-C18
Mode . i Mode . .
(Positive) (Negative) (Positive) (Negative)
Injection volume 0.2,5puL 0.25,5 uL Multiple reaction monitoring, MRM
Flow rate (mL/min) 0.3 0.25 MRM windows 90 sec 90 sec
Column temperature 40°C 40°C Target scan time 0.5sec 0.5 sec
Cooler 4°C 4°C Temperature 400°C 400°C
Mobile phase of positive ion mode Mobile phase of negative ion mode
Time/min A, % B, % Time/min A, % B, %
33 20 80 0 100 0
11.7 100 0 7 85 15
15 100 0 10 50 50
15.1 20 80 16.9 50 50
175 20 80 17 100 0
17.6 STOP 20 100 0
A =1M ammonium fomate : Milli-Q water : acetonitrile = 40 : 360 : 100 20.1 STOP
B = Acetonitrile : formate =500 : 1.5 A = Milli-Q water: formate =500 : 1.5

B = Acetonitrile : formate =500 : 10

2.2.3 T — X i
LC-MS/MS 2 LV &5 17-7 —# 1%, MultiQuant 2.11 (AB Sciex) # W\ TrE—
VAR E L, WEEREIZ LA EE{To - — 7 58E | mfE 2 W gy %

ER LT,

2.3 fithgids L O'e 7 A @t o> ATP fhitids K ONIE

g L e 7 Ao ATP offds L OMIEICIL, EhitaikH ATP fhi - JlE >~
A7 & iDL ATP BIES v b GREFEE—x v b (BR) 2 Wi, BEEORE L,
a2 %7 hLR ) A—H—Gene Light GL-220 (vAf7u7 v/ « =F4v (B)) T

1To7-,
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2.4 it

T — 2T TIE S EEERRGE TR LT, 7 = kg JOOMEER SRR ER D2 R IC OV T
7 = WP CARERSEREE DL HAEM 2 R & 9% OBl E S O T & S LT, F e
TR E S AT ORGSR, RAEERNAE TH o - HE 12T Tukey D% HELKHMIE A
Fhii L7z, P<0.06 Olf, AEAEDY L LIz,
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3. A

3.1 LC-MS/MS (2 X %5 TCA [RIREPAREM) & BEIIET </ e o> A i i B o 237
3.1.1 TCA [RIFsN D GH & FLik

TCA [F# A I L OFLBE O MAE PR E 2 Fig. 3-1 1R Lic, ook BBt
DR, RAEMTAE TR 7 2 RGO EHRPAE TH - I2RE@WIL, 7=
VR, VAT A=y Mg AV T2, o NI VEAVEE, T Vg, U 3T,
7 T UG LD BR LT, KRREREDO RN AE ThH - o R#@wiEL, 7~
YEBETHY, RBEBRBICIVABICER LW, a s BIx, ZoEE 0BT
FR, ZAEADAEETHY | Tukey DL ELERE DR R, IRIEHFEFE CHBEREI R X
O = U HREL D bARICIKEEZ R L, — 5T, KEEE+7 @B G5 Lo
SEEMICHBRZET A ORI To, BRI, ZEERITAEETIERL, 7= Vs
BROMEBRBARZEO TR Lo T,

3.1.2 EAEUERL A XY uFiRE AT D RERMEY X R

ELE CRRICAGH ST A T m R AR CHERTAE RS ICA D T R R & | B
2 FERR AR S AVBERT AR IR IC A D 7 X o AR E & Fig. 3-2 |27 Lz, —ookd
SO ORR . ZENERARERE CTHo70X,. 7V R T R 77 0 Thotz,
Tukey DL EBREDFER, 7'V v 37 = VBB GICE VAR ER LTV, k
U7 N7 7 AEEBEREEICLVARICER LW, BY % REERITAEE T
R UVBOEHRPAEETHY, 7B EICEY EH LT, B Rrxy
RU VAL T ANTFURBITERZAEEHB LOFEDRITRD biehrodz,

3.1.3 w7 NI NENEREENT DHERMET X B

o7 N7V VERITARGH S IUBERTAERRIRIC A D 7 R BB O AR % Fig. 3-3 127K
L7, ZooBl@ ot O R, RAEERABPEE ChHo 2R, e AFv 7L
=0 Tholz, Tukey DZEIEMEDHIR, © AF V%, 7= U h | (KigHE
B, BLOZOMAEDOEICLVAEICEF LT\, TAF =037 = Ui Gt
PO 3FEL D bARICEMEZ R U, KAMERITARE TIERL 7 = V50 E5h 5
MHAEB TCHSTREIIINZ I T, 72U BEGICEY ER LTz, ZEEARN
FETIHERERBBEREO THREDPAERE TChOoTBMIE T 7 Y o C (REERREIC
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DKL TV,

3.1.4 27 2 =-CoA & 7~ NVBENTAHHEEMT I ik

Y7 v =) -CoA IR S MBI AERIKICAD T X Bk, 7~ VRIS S bk
BREICADT 2 BOMSEPIREA Fig. 3-4 (28 L, i@ BN O R, A
TERDNHE THT-REMIEIA F A= OB Th -7, Tukey D% HLBHRE DRE R,
AFF =0, 7 U RBERRE, BLOZOMAGDORICL YV AEICEAL
TWe, ZEEMIFAE TIERLS 7 =V BEGOFNRNEE ThH > 2Rz, 1V
HAY Y, 72207 7=20TC, 7Bk ER LTV, ZEEANAET
IR <MEBBREOFEIRPAR TCHSTMRBWII, A YA N Tx=)b
7T =T, REERZEICLY ERH LW, Fa vt REEAB ZOEDRITR
O LRI,

3.2 iffigids KO 7 AFhofExt ATP &

s & Ot 7 A b oAk ATP &% Fig.3-5 12~ L7z, ool B 53 BT Ok 5L,
TG L OV 7 A i oAExE ATP 82V T, 7 = Ui b & ARNEH IR iEE O &2 AAEH]
ITRO b o T, HiEFOHERT ATP &I 7 =V BOFIRPAEET, 7= VB
HZ X v LTuniz,
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Fig. 3-1 The concentrations of tricarboxylic acid (TCA) cycle metabolites and lactate in

plasma

This figure shows the concentrations of TCA cycle metabolites and lactate in plasma of rats

after hypoxic exposure for 2 hours. Data are means + SE (n

8). Statistical significance

determined by two-way ANOVA is shown in the boxes. Means without a common letter are

significantly different by Tukey’s test (P < 0.05).
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Serine

Threonine

Citric acid: 0.002
Hypoxia: 0.071
Citric acid x Hypoxia: 0.15

Citric acid: 0.10
Hypoxia: 0.79
Citric acid x Hypoxia: 0.14

80 300 1 400
60 300
§ § 200 %
40 A 200
100
20 1 100
0 0 0
Glycine Tryptophan Aspartate
Citric acid: 0.026 Citric acid: 0.14 Citric acid: 0.67
Hypoxia: 0.87 Hypoxia: <0.001 Hypoxia: 0.078
Citric acid x Hypoxia: 0.005 Citric acid x Hypoxia: 0.034 Citric acid x Hypoxia: 0.62
400 1 b 80 1 10 1
ab  ap
a b b 8
300 - 60 ab
a ia:
= = = 6 [ Normoxia: Control
2 500 - = 40 = . epe .
4 ] Normoxia+Citric acid
100 20 ) [0 Hypoxia
Il Hypoxia+Citric acid
0 0 0

Glucose[3— Phosphoenolpyruvate

y

Hydroxyproline
Serine
Threonine
Glycine

Pyruvate[3<— Alanine <—| Tryptophan

v

Acetyl-CoAOl

—> Oxaloacetate[]

Malate[d

/

Fumarate[]

\

Succinate[d]

N

Citrate[]

\

Cis-aconitate[d]

\

Isocitrate[]

/

a-ketoglutarated

el

Succinyl-CoAO

Fig. 3-2 The concentrations of glycogenic amino acids in plasma

This figure shows the concentrations of glycogenic amino acids including hydroxyproline,
serine, threonine, glycine, tryptophan, and aspartate in plasma of rats after hypoxic exposure for
2 hours. Data are means + SE (n = 8). Statistical significance determined by two-way ANOVA
is shown in the boxes. Means without a common letter are significantly different by Tukey’s test

(P < 0.05).
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\ / Glutamine
Succinyl-CoA[] %

Fig. 3-3 The concentrations of glycogenic amino acids in plasma

This figure shows the concentrations of glycogenic amino acids including glutamate,
histidine, proline, glutamine, and arginine in plasma of rats after hypoxic exposure for 2 hours.
Data are means + SE (n = 8). Statistical significance determined by two-way ANOVA is shown
in the boxes. Means without a common letter are significantly different by Tukey’s test (P <

0.05).
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Isoleucine Methionine Valine
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Fig. 3-4 The concentrations of glycogenic amino acids in plasma

This figure shows the concentrations of glycogenic amino acids including isoleucine,
methionine, valine, phenylalanine, and tyrosine in plasma of rats after hypoxic exposure for 2
hours. Data are means + SE (n = 8). Statistical significance determined by two-way ANOVA is

shown in the boxes. Means without a common letter are significantly different by Tukey’s test

(P < 0.05).
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Fig. 3-5 The relative ATP concentrations in the liver and soleus muscle

O Normoxia: Control
8 Normoxia+Citric acid
OHypoxia

@ Hypoxia+Citric acid

This figure shows the relative ATP concentrations in the liver and soleus muscle of rats after

hypoxic exposure for 2 hours. RLU detected by the device for known concentrations of pure

ATP. Data are means = SE (n = 8). Statistical significance determined by two-way ANOVA is

shown in the boxes.
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4. HE

RECIL, KEBBERE S L0 = U523 (1) TCA BN ORI 2 5 2,
(2) BEEMET 2 BRICH 2 HEBICOVT, 7 v MisED LC-MS/MS /341ic £ v &
L7z,

7 UG E D TCA RIEHNORBY THL 7 2, VAT a=y Mk, A
VI, o N TVENER T, U o ABOMBETRENAEIC EA L TE
0. 7 U 5x TCA BIBENORH 2SS ED 2 ERARENT, 5 1 FEOIFIH
B L OB 2 W8S FRBUNT TlE, 7 = U513 TCA RN OfE R DER
THRBEECSERPo T, —FH T, ARETOMERBEYOKGTTIE, TCA BEIFEAND
ANy BERS ETORBYN 7 =V BRGICEVERICEA L T2 nb 7=
VERIFERE B L < IZRHHEERIC TCA RIS EZ 525 2 LR ENT, 7 = VR,
7 T UBBEIAERIZE D I b R T MBI E S NS, MlaEro I hay
R U T ~OERERITE RSN TR, L72B> T 7 VN EHE har R T,
T 72 b TCA FIRRNIZHHE Sz & 1FE 21T,

BEIRMEY X VBRICER T2 & AR TR, EArberBICR#snst) &7 v
VNI BRIV AEBEIZEA LT, LIERos T, Ui EIZK D TCA
EEONRFHO EFHIE, BV 7V o ERICHENELE VN EH L, ZoEL
BRI Fary FUTRICEGE SN TREELEZ X 6MDb, SHICAKETIH, 7
MEEICEY a7 AV NVBIIRSNDI AT ET X =0 7=
-CoA 2 &N DA YA v AT FH =y, T BRIIRE SN 7T 2= LT 7=
VOIHBIZERLTRY . Zb OBEMT X 2 RS TCA [HE N & B S 7z
ARt H D, BUED & ZAH, 7 = Ui 52 &5 TCA RIBHNMAGHY OLEN T 5
WEXHR LN, RETHLNIC -7 = U 52 Xk 5 TCA BRI O8N
L, F1IHTOHRETH D,

AT ATP &1, 7 =R GIC RV ARICED Lc, ZoRRIE, 51 2 5§ 2
O Z W EHI T, 7 = U513 I b3 R THNIRO ATP pEABE RIS
TR ST EWVIFERLE —FH LTV, LER-T, 7 U5 X TCA [H
BANOREHZ LA &5, ATP PEAZ N S 5 AlgetEidEn 2 & RSz,

ARETIE, (KBRREEICL Y, TCA BIENORBMTH D 7 VBRI AEIC LA L
INTBEPEBICIKT Uiz, 70, BHAEORE L7220 G 50EFMET 2/ Bix, (KEsE

69



BREICLY, NV T RT770, ERAFVU A VafPy, AFF=0 RN Tx
=T T=UBNARICER LTWe, 52 BT, HiEB L0t 7 A0V TIREESE
BRERIC &L 0 BB A3 TUHE T 2 WREME DN AR F R BV L TRENTZZ LMD AKETO
IREE BRI KX DHERIEY X 7o LRI, 2 b 07 X BEAMKEE R RFRIFCREETAE
DHEE L 72D AR R LT D,

— 5T, ARFEREIEIC K DPEIRNEY X o BRI HIF-1a OZEGIZFH S LT
AL B D, A rA vy, ATFA=2 NY T v =0-CoA BRETany
e~ RSN, 72T T2 7w VB~ RSN D, a TR e 7~ LRI
prolyl hydroxylase (PHD) #[H%E$ % Z LKV HIF-la OLEICHFHFET5H 2 L0
SN ENTWS (Majmundar et al. 2010; Hewitson et al. 2007) , A% TOIKFEH
BREBIZ LD 3T BOAE R, HIF-1la ORELD T a7 BRI Shiz
ZEICERT A EEZX LN, KBEBRRICEIOMERET I VB (fYaAf vy ATFF
=y, Ry, Tz=ATT7=) OEFIE KT Lizany BEegiv, HIF-la 0%
EALERET L0 THD EHREIND,

Fo AR FREIFIITEERNTUEST 5 —FH T I ha v R T7HTOZ R LF—
PEAITIHI S NS Z ERMBENTEHEY (McClain et al. 2013; Brooks et al. 1991;
Katsumata et al. 1984) . EBRIZATIES LIEO ATP 2BV T 52867 v F a2V
BREHZ TG S T2 (Nietal. 20155 Freminet 1981), L2 L, ABFFED STl
Fligds & e 7 A D ATP BIZITARERARNREE IC L D2 A E AT AN -T, Ni b
X, 7> M2 4300 m (FRRIREE 12.6%4H4) T 1 H OEFRFEERE 2~ 5 & iTlEo ATP
BT D Z L, Freminet 1%, 7 v NMIERHEIRE 5% T 30 /M OIKEAREZ 2T 5
LD ATP BNEDT 5 2 L 2HE L TWDEZ b, RIFFEOLMETH HMeFERE
£ 10%, 2 R O(RMeFRREE 13, (RBREIREE 1 L DR ATP & O 2755+ 5 D
WZIIAR - Tholo LRI D,

52 IR ARMEEIREE L7127 v b OMEER-CHERAEIC B D 2 BIa FHEBLIN LA LT
B, U T RS LARRRRRTE O AT GLUT1 VSN B b iLiehro Tz,

R ZWE LIAREICBN T, 7 = Uik b L IRBFERE & OZEERITIZEAL
BT, 7= UBMERIER IR L TR B LR 0SS et A R T 2 LIE T
Elehodz, L, folf, BYEIDEGROBEERLZORBET LV THLT v &/
WA N M S TR Y W THUICE W T S TCA B O M B o R (27
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T VAT A=y N A VTR BT L2 ERHE STV S (Yamano
et al. 2016; Kume et al. 2015), AFETiL, 7 =B 512X TCARIKND a7
U OETORBIVBAEIZ EFH LT\, FERERE (2 he—L) IIk4 57 =
VR GO TCA [N OBINLRIE, 7 = 2.05 5, A7 2=y M
2.05 %, A4 Y7 UM 1.61 4%, a7 N VEVER 116 5, 7~ Vg 11175, Vo=
2 1.17 f5°C., TCA [EIFE ORI BERE ORI 2RI L CTUhie, AR CIIKER R IR R
ZRT D 7 = R G OB AR R T Z LI TE R o fe 7 U ST
P R0 T D TCA RIBAORBY NS E/=Z e 7 = F2 COPD &
H DO ITEIUK L THM TH 2 WTREMEAVR STz,

lbEXy RKETIE, 7 UomEbi3, 712X 035 TCA [FIENRHY & 1
M52 LT EHRMICAZTH D ATREEN /R Sz, £, (KEERRE IR
TR WAk PR EE, BEHAORE L LTRSS T < HIF-1a OZREIC
F5-9 % ATREMED R E LT,

71



5. /NE

AETTH1IEBLOE 2 BICBWTEE TR LNV TR LN R 2 REY L
~NVTHGRET 2 2 &2 A& LT, RMRRIRER LU = Uik 5728 TCA [N O
By L REIENET R RIS 2 DB OV, Ty MiEO LC-MS/MS Z#Hric X 0 i
L7z,

ZOfER, 7 T UG TCA RN ONREY., FrlogEms LR s, 7=
CEEDNEAE, b L ITRMHERIC TCARIKIC B2 525 2 LvRshie, s
¥ 51285 TCARIBNOR#WO LHIX, B 7V ro BRI BEre s
MO LHL ERAF VU TAX=V AV vy, AF A= OmERED LRI
EDb0ThHD RSN, £, KO ATP 837 = U 5IC L0 ARICHED
LTHY, 7= U5 TCA RIBORHMAZ LA SE 503, ATP FEA L TESE D
ATREMEIR VN 2 LAV R E T,

KEARETE X, TCA BIBENOREFW THL 7 = BOFER LA, a7 BORE
BRIRTFAGIEEZ Leh, 2SS OREMIITA ERZETA BT, TCA [ERNO
R E A ERBE G2 o T, Eio, RBEFREIIRERMET I/ BThd, b
AFT AL AT F = ANV T2 AT T = OMEREZ AR
ERESHE, A VuA s AFF=0 0 NY ATY T = 1-CoA Tk T any s
LIS, Zz=AT T =E TR D, £, anT@BE T~ Vg
X HIF-1o DL ENICTHET D, LeBo> T, EBRREICLY EA L2 b 0RER
PET X BN, BERTEOEE & L TR E NS Rt & . HIF-1a OZEIZEH ST 5
AIREMEDV R ST,

KETORIYOREIZIBNT, 7 = UG MEERR I L CTHEEMICAEZI TH D
AIREMEZ R 2 LI TE R oe, — T EIRFTIT TCA [RIF O 4 Be fE DA
PR T 208, 7 =B TCA BINOYMR#M AN ESE-2 Lrb, 7=
V21X COPD B3 O 573 L CIEA R CTh 5 AIRetEns R S vz,
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=36

4
[N

COPD ¥ TITXURPAZEIC X D IREFIRABIC L VBN AL, HIRIEEIMEMK T
T 5, REEESM T T, BERAOTTESRIENFE SN D LWEINLTEY, Zhb
2 COPD BEDEHEDO RN 72> TNDEEZOLND, — ., 7T UBRICITE R
WENENH D E S TERY . 7 = UL COPD BE ORI L THZh i
Aoy L7 VG D FREMED B D, £ T TANIZETIZ. COPD ORBFHRIELMELT D70
DI A S 2 L2 B E L RBRREESFEERINC G 2 28 L 7 = Bk
HOHEIEZHONTT v M &AW TG LT,

B1ETIE, 72 VBOEFBRIBA I = A LEHoNNCT 5222 HEL, 720
FEHE G- DB & RIEPIEIRIR TR BUCH- 2 D8 % ~ U AD B & A v
CTHEFRACHIRNT U=, 3 1 BnO B R 2 AV 7B Clk, 7 = Ui 512 X 2 98 57 1
BRI TCA BB TARER OIEMELIC X D b DO TlEZe < | FEHEDTLEE & RAEDO I
Hc k2D THDATHEMEN BRI L~V TRENT, 6 2 BiOFEE A\ 72 5k
BV T HEHG CORER &L FEEIC, 7 = U@O 513 TCA BIBCE o R Ol
FREZIIMS R o723 5 1 & FRRICHERTE 2 0 2 vRetEdyvR S vz, B
EX0., 7= UGN AL T SERIEAMHT D Z itk v, COPD EED
% 57 B OB T 59~ 2 ATREME DY R ST,

55 2 FCIE AR RN IR DR L AR R RIS 5 7 = VRGO EIC OV T,
Zy FOFEE E T AGHAEMNTEEFEBL LV THLMNNITHZ 2 AN E L,
1 ECTHLMCEN T = UG X DRI AETUERN R & SIERHI RO 5 Ho
BEFTEICHE B L. BRI B R TR BUC SV TRat L7z, I T, (RmeRIRE T
PEBGA I, fRbER, BERTAEZ RIRHCTLET S ATRetE s Shvic, E£72, RERRREEIC X
D 1 P ELERME A B A2 R Lo 2 &0 D SLEESHERTAE O & U TR Sz Al
REMED R ST, IRERFRRER IR T2 7 = VB G- ORBICONWTL, 7 = VB 5IC
K VIEMFIREIZ LD GLUTI O FAN I HIZED LN, T OMOEITIRE b
niginoiz, 7 AMHTIE, KBRRBEREICLY Pkl PHEIZ ER LIZOAH T, FEEGA
FRERIIT BN A DN e o Tz, £, 7 = VS bl T RBEE B LS8
Molo, REOFIETTIE, & 7 AR E i U CIRERRRRE O EE2HE V2T
RN EDRENT,
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H3ETIE, # 1 EBIOE 2 HICBW TR LUV TH B U4 5 2
ML~V TRGET 22 L2 HIE LT, KBFRREL L O = B 525 TCA [FIEN
DR EFEREMEY 2 BOMEREICKETEZEICONT, 7y FEHWTHRE L
Teo ZOFER, 7 = U BEF 51X TCA FIBNOREM O MEREZ LA SETR, 20
FRIFZ BV ET Vo bR ENTZEALE O ERICE D BT EHEE S
Too Elo. JZUBEGIZE D WL ODOREFMNT R VBN ERLTEY, 1ETHRD
NTe 7 T BRI L DR EDOTEIIZIZNGDOT I VBHAEE L WD gttt b RS
i, KEEFREETE Tld, TCA RIBNORBY THL a7 BIFAEIZHD L, 72
FRIIA BTN L TWedy, 2SN OREIITEERET AN -7, £,
IR RRIR L AN T B 7~ VBRI SN D WL OO T X Ve fEIC b
ASie, a7~V HIF-lo ORZERICTHS T2 2 Lo b, KEERREIC
K OWERMET 2 7o AT, BERAORE S LTRSS TRtk Z i The <,
HIF-1a OZECIZF ST Dl getEnr S hvic, RBRREICHT 57 = Bk b5 0E
B BRI DN TR, BB 3 EICB W THL AT Z L IXTE o, — 5T, 72
B 513, JRITRFICIA 5 TCA RIS ORI EONREHY (7 =k, AT a=y
Mg, A Y7 ) NS b, 7= UEIT COPD B3 DY 57 % A B
T O AREME S R S T,

AFwmCTIE, MERER LT WO Ll 0T, COPD ORFRIEA LT
DI ORBENAM L EZGD Z L2 HNE LT EZ F M L=, AfEZ@mL T, 7=
Fp i 5O RRE DS PRI - 2 Dk 2 70 B % BARFHRBLL L EREH L~
IVTHLMNITHZENTE L, ZNHOEMNMAEZEE X, 4%, COPD #1XL
D & DR B O RFRIEICET D50 MERERFR ) L R LWho78 L
B T, < OBRFEDO QOL X ADL O EICHFHGTEXHZ L2l LIz,
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